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Logging in to Dialog 

Trying 31060000009999...Opcn 

blAlOG INFORMATION SERVICES 
PLEASE LOGON: 

ENTER PASSWORD; 

Welcome to DIALOG 

Dialog level 02.14.01D 

Last logoff: 24may03 12:46:32 
Logon file405 25may03 10:34:20 
*** ANNOUNCEMENT*** 

--File 581 - The 2003 annual reload of Population Demographics is 
complete. Please see Help News581 for details. 

"File 990 - NewsRoom now contains February 2003 to current records. 
File 992 - NewsRoom 2003 archive has been newly created and contains 
records from January 2003. The oldest months' s records rolt out of 
File 990 and into File 992 on the first weekend of each month. 
To search all 2003 records BEGIN 990, 992, or B NEWS2003. a new 
OneScarch category. 

—Connect Time joins DialUnits as pricing options on Dialog. 
See HELP CONNECT for information. 

"CLAIMS/US Patents (Files 340,341, 942) have been enhanced 
with both application and grant publication level in a 
single record. See HELP NEWS 340 for information. 

— SourceOne patents are now delivered to your email inbox 
as PDF replacing TIFF delivery. See HELP SOURCEl for more 
information. 

--Important news for public and academic 
libraries. See HELP LIBRARY for more information. 

--Important Notice to Freelance Authors-- 
See HELP FREELANCE for more informotion 

NEW FILES RELEASED 
***Wortd News Connection (File 985) 
***DiaIog NewsRoom - 2003 Archive (File 992) 
***TRADEMARKSCAN-Czech Republic (File 680) 
***TRADEMARK5CAN-Hungary (File 681) 
***TliADEMARKSCAN-Poland (File 682) 

UPDATING RESUMED 

RELOADED 

***Population Demographics -(File 581) 
***CLAIMS Citation (Files 220-222) 
REMOVED 

***U.S. Patents Fulltext 1980-1989 (File 653) 

»> Enter BEGIN HOMEBASE for Dialog Announcements «< 
>» of new databases, price changes, etc. «< 

* * * * See HELP NEWS 225 for information on new search prefixes 
and display codes 

SYSTEM: HOME 
Cost is in DialUnits 

Menu System II: 02 version 1.7.8 term= ASCII 

*** DIALOG HOMEBASE(SM) Main Menu *** 

Information; 



1. Announcements (new files, reloads, etc.) 

2. Database, Rates, & Command Descriptions 

3. Help in Choosing Databases for Your Topic 

4. Customer Services (telephone assistance, training, seminars, etc.) 

5. Product Descriptions 

Connections: 

6. DIALOG(R) Document Delivery 

7. Data Star(R) 

(c) 2000 The Dialog Corporation pic All rights reserved. 
/H = Help /L = Logoff /NOMENU = Command Mode 

Enter an option number to view information or to connect to an online 
service. Enter a BEGIN command plus a file number to search a database 
(e.g., Bl for ERIC). 
7 dialog 

»Invalid Option Number 

*** DIALOG HOMEBASE(SM) Main Menu *** 

Information: 

1. Announcements (new files, reloads, etc.) 

2. Database, Rates, A Command Descriptions 

3. Help in Choosing Databases for Your Topic 

4. Customer Services (telephone assistance, training, seminars, etc.) 

5. Product Descriptions 

Connections: 

6. DIALOG{R) Document Delivery 

7. Data Star(R) 

(c) 2000 The Dialog Corporation pic All rights reserved. 

/H = Help /L : Logoff /NOMENU = Command Mode 

Enter on option number to view information or to connect to an online 
service. Enter a BEGIN command plus a file number to search a database 
(e.g., Bl for ERIC). 
? b410 

25may03 10:34:23 User226352 Session D700.1 
$0.00 0.159 DialUnits FileHomcBasc 
$0.00 Estimated cost FileHomeBase 
$0.00 Estimated cost this search 
$0.00 Estimated total session cost 0.159 DialUnits 

File 410:Chronolog(R) 1981-2003/Mar 
(c) 2003 The Dialog Corporation 

Set Items Description 



? set hi %%%;set hi %%% 
HILIGHT set on as '%%%'%%% 
%%%HILIGHT set on as '%%%' 
7 b biochem 

25may03 10:34:27 User226352 Session D700.2 
$0.00 0.070 DialUnits File410 
$0.00 Estimated cost File410 
$0.01 TELNET 

$0.01 Estimated cost this search 

$0.01 Estimated total session cost 0.228 DialUnits 

SySTEM:OS - DIALOG OneSearch 
File 5:BiosisPreviews(R) 1969-2003/May W3 
(c) 2003 BIOSIS 
*File 5: Alert feature enhanced for multiple files, duplicates 
removal, customized scheduling. See HELP ALERT. 
File 6:NTIS 1964-2003/'May W4 

(c) 2003 NTIS, IntI Cpyrght All Rights Res 
*File 6: Alert feature enhanced for multiple files, duplicates 
removal, customized scheduling. See HELP ALERT. 
Fife 34:SciScarch(R) Cited Ref Sci 1990-2003/May W3 
(c) 2003 Inst for Set Info 



*Filc 34: Alert feature enhanced for multiple files, duplicates 
removal, customized scheduling. See HELP ALERT. 
File 40:EnvlrolineCR) 1975-2003/AAay 
File 50:CAB Abstracts 1972-2003/Apr 
(c) 2003 CAB International 
*Fitc 50; Truncating CC codes is recommended for full retrieval. 
Sec Help Ncws50 for details. 
File 65:lns!de Conferences 1993-2Q03/May W3 

(c) 2003 BLDSC all rts. rcserv. 
File 71-.ELSEVIER BIOBASE 1994-2003/May W3 

(c) 2003 Elsevier Science B.V. 
File 73:EMBASE 1974-2003/May W3 
(c) 2003 Elsevier Science B.V. 
*File 73: Alert feature enhanced for multiple files, duplicates 
removal, customized scheduling. See HELP ALERT. 
File 94:JICST-EPIus 1985-2003/May W3 

(c)2003 Japan Science and Tech Cor p( J ST) 
File 9B;Seneral Sci Abs/Full-Text 1984-2003/Apr 

(c) 2003 The HW Wilson Co. 
File 103:Encrgy SciTec 1974-2003/May Bl 
(c) 2003 Contains copyrighted material 
*File 103; For access restrictions see Help Restrict. 
File 143;Bio!. A Agric. Index 1983-2003/Apr 

(c) 2003 The HW Wilson Co 
File 144:Pascal 1973-2003/May W2 

(c) 2003 INIST/CNRS 
File 155:MEDLINE(R) 1966-2003/May W3 
(c) format only 2003 The Dialog Corp. 
*File 155: Medline has been reloaded and accession numbers have 
changed. ?\z<xsz see HELP NEWS 155. 
File 156:ToxFile 1965-2003/May W3 

(c) format only 2003 The Dialog Corporation 
*File 156: TOXLINE Special data is now ovailable. See Help Newsl56. 
File 162:Global Health 1983-2003/Apr 
(c) 2003 CAB International 
*File 162; Effective May 1, name changes from CAB Health 
to Global Health. 
File 172;EMBASE Alert 2003/May W3 

(c) 2003 Elsevier Science B.V. 
File 305;Analytical Abstracts 1980-2003/Apr W4 
(c) 2003 Royal Soc Chemistry 
*Filc 305: Alert feature enhanced for multiple files, duplicate 
removal, customized scheduling. See HELP ALERT. 
File 369:New Scientist 1994-2003/May W2 
(c) 2003 Reed Business Information Ltd. 
File 370:Science 1996-1999/Jul W3 
(c) 1999 AAAS 

*File 370: This file is closed (no updates). Use File 47 for more current 
information. 

File 399;CA SEARCH(R) 1967-2003/UD=13821 
(c) 2003 American Chemical Society 
*FiIe 399; Use is subject to the terms of your user/customer agreement. 
Alert feature enhanced for multiple files, etc. See HELP ALERT 
File 434;SciSearch(R) Cited Rcf Sci 1974-1989/Dec 
(c) 1998 Inst for Sci Info 

Set Items Description 



? s heart and (diseas? or failure?) and phospholomban 

Processing 

Processing 

Processed 10 of 22 files ... 

Processing 

Processing 

Processed 20 of 22 files ... 
Completed processing oil files 
2864830 HEART 
14298887 DISEAS? 
1737215 FAILURE? 
6858 PHOSPHOLAMBAN 
SI 1736 HEART AND (DISEAS? OR FAILURE?) AND 
PHOSPHOLAMBAN 
? rd si 

...examined 50 records (50) 
...examined 50 records (100) 
...examined 50 records (150) 



...examined 50 records (200) 
...examined 50 records (250) 
...examined 50 records (300) 
...examined 50 records (350) 
...examined 50 records (400) 
...examined 50 records (450) 
...examined 50 records (500) 
...examined 50 records (550) 
...examined 50 records (600) 
...examined 50 records (650) 
...examined 50 records (700) 
...examined 50 records (750) 
...examined 50 records (800) 
...examined 50 records (850) 
...examined 50 records (900) 
...examined 50 records (950) 
...examined 50 records (1000) 
...examined 50 records (1050) 
...examined 50 records (1100) 
...examined 50 records (1150) 
...examined 50 records (1200) 
...examined 50 records (1250) 

>»Record 144:15481845 ignored; incomplete bibliographic data, not retoincd 
in RD set 

...examined 50 records (1300) 
...examined 50 records (1350) 
...examined 50 records (1400) 
...examined 50 records (1450) 
...examined 50 records (1500) 
...examined 50 records (1550) 
...examined 50 records (1600) 
...examined 50 records (1650) 
...examined 50 records (1700) 
...completed examining records 

52 927 RD SI (unique items) 
? s s2 and py<2000 

Processing 
Processing 
Processing 
Processing 

Processed 10 of 22 files ... 

Processing 

Processing 

Processing 

Processed 20 of 22 files ... 

Processing 

Processing 

Completed processing all files 
927 S2 
100969173 PY<2000 

53 518 S2ANDPV<2000 
? s s3 and (treat? or ameloriat?) 
Processing 

Processed 10 of 22 files ... 
Processing 

Processed 20 of 22 files ... 
Processing 

Completed processing all files 
518 S3 
11837445 TREAT? 
79 AMELORIAT? 

54 72 S3 AND {TREAT? OR AMELORIAT?) 
? t s4/7/all 

»>Format 7 is not valid in file 143 

4/7/1 (Item 1 from file: 5) 
DIALOG(R)Filc 5:Biosis Previews(R) 
(c) 2003 BIOSIS. All rts. reserv. 

12258730 BIOSIS NO.: 200000012232 

Elevated levels of endogenous adenosine alter metabolism and enhance 
reduction in contractile function during.Iow-flowSiSctifcmiSii Aissbciotcd 
c honges i n Express jdrTo f Co 2 +^ ATPase d nd 7o7o 7op ho s p ho lam ba n 7o 7«7o . 

AUTHOR: Sommerschild Hilchen T(a); Lunde Per j^gstion.v Dcindl Elisabeth; 
Jy nge Per;He bekkArnfinn; K i r ke boe n ^ nut A^yid . , ' ' 

AUTHOR ADDRESS: (d)Insf ittitelFoV Experimental Medical Research, 



Ulleval 

Hospital, N-0407, Oslo**Norwoy 
JOURNAL: Journal of Molecular and Cellular Cardiology 31 (10):pl897-1911 
Oct., %%%1999%%% 
ISSN: 0022-2828 
DOCUMENT TYPE: Article 
RECORD P/PE; Abstract 
LANGUAGE: English 
SUMMARY LANGUAGE: English 

ABSTRACT: Adenosine has several potentially cardioprotective effects 
including vasodilatation, reduction in yo7o%heart%%% rate and alterations 
in metabolism. Adenosine inhibits catecholamine- induced increase in 
contractile function mainly through inhibition of phosphorylation of 
%%%phospholamban%7o% (PLB), the main regulatory protein of 

Ca2+-ATPasc in 

sarcoplasmic reticulum (SR), and during ischemia it reduces calcium 
(Ca2+) overload. In this study we examined the effects of endogenous 
adenosine on contractile function and metabolism during iow-f low ischemia 
(LFI) and investigated whether endogenous adenosine can alter expression 
of the Ca2+-ATPase/PLB-system and other Ca2*-rcgulatory proteins. 
Isolated blood -perfused piglet hearts underwent 120 mi n 10% flow. Hearts 
were %7o7otreated%%% with either saline, the adenosine receptor blocker 
(8)-sulfophenyl theophylline (85PT, 300 mumol/l) or the nucleoside 
transport inhibitor draf lazinc (1 mumol/l). During LFI, 8SPT did not 
substantially influence metabolic or fun ctional responses. However, 
draflazine enhanced the reduction in 7o7o7ohcartyo7o7o rate, contractile 
force 

and MVOS, with less release of H+ and C02. Before LFI there were no 
significant differences between groups for any of the proteins 
(Ca2+-ATPasc, ryanodine-receptor, Na+/K+-ATPase) or mRNAs 
{Ca2+-ATPase, 

PLB, calscquestrin, Na+/Ca2+-exchanger) measured. At end of LFI 
mRNA- level of PLB was higher in draf Iazine-7o7o7otreatcd7o7(,7o hearts 
compared 

to both other groups (P<0.01 vs both). Also, at end of LFI protein-level 
of Ca2+-ATPase was lower in draf laztne-7o7o7.treQted7„7e7o hearts (P<0.05 
vs 

both), and a parallel trend towards o lower mRNA-levcl was seen CP=0.11 
vs saline and P=0.43 vs 8SPT). During LFI tissue Ca2+ tended to rise in 
saline- and 8SPT-7o7<,7ctrcatcd7o7o7<, hearts but not in 
draf lazi ne-7e%7otreated 7o%7o 
hearts (at end of LFI, P = 0.01 vs 8SPT). We conclude that the amount of 
adenosine normally produced during LFI does not substantially influence 
function and metabolism. However, increased endogenous levels by 
draf lazine enhance downregulation of function and reduce signs of 
anaerobic metabolism. At end of LFI associated changes in expression of 
PLB and Ca2+-ATPase were seen. The functional significance was not 
determined in the present study. However, altered protein-levels might 
influence Ca2+-handling in sarcoplasmic reticulum and thus affect 
contractile force and tolerance to ischemia. 



4/7/2 (Item 2 from file: 5) 
DIALOG(R)File 5:Biosis Previews(R) 
(c) 2003 BIOSIS. All rts. rescrv. 

12199975 BIOSIS NO.; 199900494824 

Status of Ca2+/caimodulin protein kinase phosphorylation of cardiac SR 

proteins in ischemia-reperfusion. 
AUTHOR: Netticadan Thomas; Tcmsah Rana; Osada Mitsuru; Dhalla 
Naranjan S(a) 

AUTHOR ADDRESS; (a)Inst. of Cardiovascular Sciences, St. Boniface 
General 

Hospital Research Centre, 351 Tache Ave., Winnipeg, MB, R2H 
2A6**Canada 

JOURNAL; American Journal of Physiology 277 (3 PART l);pC384-C391 
Sept., 

7o7c7ol9997o7o7o 
ISSN; 0002-9513 
DOCUMENT TYPE: Article 
RECORD TYPE; Abstract 
LANGUAGE: English 
SUMMARY LANGUAGE: English 

ABSTRACT: Although the sarcoplasmic reticulum (SR) is known to regulotc 



the 

intracellular concentration of Ca2+ and the SR function has been shown to 
become abnormal during ischemia-reperfusion in the 7o7o%heart7o7o7c., the 
mechanisms for this defect are not fully understood. Because 
phosphorylation of SR proteins plays a crucial role in the regulation of 
SR function, we investigated the status of endogenous 
Ca2+/calmodulin-dcpcndent protein kinase (CaMK) and exogenous 
cAMP-dependent protein kinase (PKA) phosphorylation of the SR proteins 
in 

control, ischemic (I), and ischemia-reperfused (I/R) hearts 
7o7o7etreated%7o7o 

or not 7o7o7otrcated7o7o7o with superoxide dismutase (SOD) plus catalase 
(CAT). 

SR and cytosolic fractions were isolated from control, I, and I/R hearts 
7o7o7otreated7o7*7<, or not 7o7o7otreated7o7o7o with SOD plus CAT, and the 
SR protein 

phosphorylation by CaMK and PKA, the CaMK- and PKA-stimuIoted Ca2+ 
uptake, and the CoMK, PKA, and phosphatase activities were studied. The 
SR CaMK and CaMK-stimulatcd Ca2+ uptake activities, as well as CaMK 
phosphorylation of Ca2+ pump ATPase (SERCA2a) and 

7e7o 7op hos p ho lam ba n 7o % % 
(PLB), were significantly decreased in both I and I/R hearts. The PKA 
phosphorylation of PLB and PKA-stimulated Ca2+ uptake were reduced 
significantly in the I/R hearts only. Cytosolic CaMK and PKA activities 
were unaltered, whereas SR phosphatase activity in the I and I/R hearts 
was depressed. SOD plus CAT 7o7o7otreatment7o7o7<. prevented the 

observed 

alterations in SR CaMK and phosphatase activities, CaMK and PKA 
phosphorylations, and CaMK- and PKA-stimuIated Ca2+ uptake. These 
results 

indicate that depressed CaMK phosphorylation and CaMK-stimulated Ca2+ 
uptake in I/R hearts may be due to a depression in the SR CaMK activity. 
Furthermore, prevention of the I/R-induced alterations in SR protein 
phosphorylation by SOD plus CAT 7o7o7otrcatment7o7o7o is consistent with 
the 

role of oxidative s^rzss during ischemia-reperfusion injury in the 
%7o7<,heart%7o7o. 



4/7/3 (Item 3 from file; 5) 
DIALOG(R)File 5;Biosis Prevtews(R) 
(c) 2003 BIOSIS. All rts. reserv. 

12199676 BIOSIS NO.; 199900494525 

Calcium regulatory proteins and their alteration by transgenic approaches. 
AUTHOR: Dillmann W H(a) 

AUTHOR ADDRESS; (a)Endocrinology and Metabolism, University of 
California 

San Diego, 9500 Gilman Drive (BSB 1 5063), La Jotlo, CA, 
92093-0618**USA 

JOURNAL: American Journal of Cardiology 83 (12A);p89H-91H June 17, 

7o7o7ol999%7o7o 

ISSN; 0002-9149 

DOCUMENT TYPE; Article 

RECORD TYPE; Abstract 

LANGUAGE; English 

SUMMARY LANGUAGE: English 

ABSTRACT: Abnormalities in calcium flux have been linked to abnormal 
contractile behavior of the 7o7t.7oheart7o7o7e in patients with congestive 
7o7«7oheart7o7o7o 7o7o7ofailure7c7o7o as well as in animal models. Decreased 

activity 

or levels of the calcium adenosine triphosphatase of the 
sarco(endo)plasmic reticulum (SERCA2) particularly have been known to 
cause a delay in calcium transients. The SERCA2 protein pumps 2 moles of 
colcium per mole of adenosine triphosphate (ATP) split from the cytoplasm 
into the sarcoplasmic reticulum, thus lowering the free cytoplasmic 
calcium concentration. It therefore is of interest to identify mechanisms 
by which S^^Cf\ activity could be increased in the 7o7o7oheart7o7o7«. To 
determine influences of increoscd expression of the SERCA2 gene on 
calcium transient and contractile behavior, we constructed transgenic 
mice and rats expressing a SERCA2 transgene in their 7o7o7ohcart7o7o7o. In 
these animals, a 207« increase in SERCA levels occurs due to additional 
expression of the SERCA transgene. This leads to a corresponding increase 
in contractile activity as determined by the increase in left ventricular 
pressure measured as dP/dtmax and 6zctzjq.sz in diastolic ventricular 



pressure determined as dP/dtmin. Similarly, isolated cardiac myocytes 
obtained from the %%7ohcart%%7<. of transgenic mice showed an 
accelerated 

calcium transient and increased speed of shortening and relengthening as 
determined by edge detection. To determine if SERCA2 tronsgene 
expression 

could have a compensatory effect on the contractile behavior of the 
%7o%heQrt%7o% in transgenic mice expressing SEftCA2, these mice were 
made 

hypothyroid, and papillary muscle function was determined. Contractile 
behavior of the papillary muscle of wi!d-type hypothyroid mice showed a 
significant increase in muscle relaxation time (RT50). In contrast, 
SERCA2 transgenic hypothyroid mice showed normal contractile behavior 
of 

papillary muscie. A compensatory effect of SERCA tronsgene expression 
was 

therefore demonstrated. In addition, we constructed transgenic rats 
expressing a SERCA2 tronsgene in which constriction of the ascending 
aorta induced cardiac hypertrophy and o delayed contraction of papillary 
muscle. In preliminary results, we found that SERCA2 transgenic rats 
submitted to ascending aortic constriction did not show the delayed 
relaxation of papillary muscle as was found in wild-type rats submitted 
to aortic constriction. In addition, adenoviral vectors expressing 
transgcnes for calcium-handling proteins can be used to improve cardiac 
myocyte contraction. Adenoviruses expressing a SERCA tronsgene or a 
mutant 7o7o7ophospholamban7<,7o7o tronsgene exhibiting dominant negative 
action 

were used to infect isolated myocytes 7o7oyotreated7o7o7o with a phorbol 
ester 

(phorbol 12-myristate 13-acetate), which delays the calcium transients. 
The calcium transients and contractile behavior of the isolated myocytes 
indicated that increased SERCA expression or increased expression of 
mutant 7o7o7ophospholamban7o7e7(. tronsgene led to increased SERCA2 
activity, 

resulting in an increased contractile phenotype. Recent findings by other 
investigators also indicate that decreased SERCA 2 activity can be 
increased under in vivo conditions using adenoviral vector-based SERCA2 
expression. A gene therapy type of approach delivering increased amounts 
of SERCA or 7e,%7ophospholamban7o7o7o mutants leading to increased 
SERCA 

activity should therefore be considered in the future. 



4/7/4 (Item 4 from file; 5) 
C>IALOG(R)FiIe 5:Biosis Previews(R) 
(c) 2003 BIOSIS. Alt rts. rcscrv. 

12168324 BIOSIS NO.: 199900463173 

Coptopril 7o7c.7otreatment7o7o7o improves the sarcoplasmic reticular Ca2+ 
transport in 7o7o7oheart7o7o7o 7o7o7efailure7o7o7o due to myocardial 
infarction. 

AUTHOR: Shao Qiming; Ren Bin; Zarain-Herzbcrg Angel; Ganguly Pallab K; 

Dhalla Naronjan S(a) 
AUTHOR ADDRESS: (a)Institute of Cardiovascular Sciences, St Boniface 

General Hospital Research Centre, 351 Tache Avenue, Winnipeg, MB, R2H 
2A6 

** Canada 

JOURNAL: Journal of Molecular and Cellular Cardiology 31 (9):pl663-1672 

Sept., 7<.%7ol9997,%7c 

ISSN: 0022-2828 

DOCUMENT TYPE: Article 

RECORD TYPE: Abstract 

LANGUAGE: English 

SUMMARY LANGUAGE: English 

ABSTRACT: Although coptopril, an angiotcnsin-converting enzyme (ACE) 
inhibitor, has been shown to exert a beneficial effect on cardiac 
function in 7o7o7oheart%7o7. %7c7ofailure7o7o%, its effect on the status of 
sarcoplasmic reticulum (SR) Ca2+ transport in the failing To 7o7o heart 7o7o7o 

has 

not been examined previously. In order to determine whether coptopril has 
a protective action on cardiac function, as well as cordiac SR Ca2+-pump 
activity and gene expression, a rat model of 7<,7o7»hcart7(,7o7o 
7o%7<,failure7c7o7o 

due to myocardial inforction was employed in this study. Sham operated 
and infarctcd rats were given coptopril (2 g/l) in drinking water; this 



7o7o7otreatment7e.7o7e was started at either 3 or 21 days and was carried 
out 

until 8 weeks after the surgery. The untreated animals with myocordial 
infarction showed increased 7o7o7oheart7o7o7o weight and elevated left 
ventricular end diastolic pressure, reduced rates of pressure development 
and pressure foil, as well as depressed SR Ca2+ uptake and 
Ca2+-stimulated ATPasc activities in comparison with the sham control 
group. These hemodynamic and biochemical changes in the failing hearts 
were prevented by 7o7o7<.treatmcnt7o7o7o of the inforcted animals with 
coptopril. Likewise, the observed reductions in the SR Ca2+ pump and 
7o7*7ophospholambon7o7o7o protein contents, as well as in the mRNA levels 
for 

SR Ca2+ pump ATPase and 7o7o7ophospholamban7o7o7o, in the failing 
%7o7oheart%7.7o 

were attenuated by coptopril 7o7o7otreatment7e7o7<,. These results suggest 
that 

7o%7oheort7o%7o 7o7o7ofai!urc7«7o7o is associated with a defect in the SR 
Ca2+ 

handling and a depression in the gene expression of SR proteins; the 
beneficiol effect of coptopril in 7o7e7cheart7o7o7o 7o7o7ofailure7o7o7c. may be 
due to 

its ability to prevent remodeling of the cardiac SR membrane. 



4/7/5 (Item 5 from file: 5) 
DIALOG(R)File 5:Biosis Previews(R) 
(c) 2003 BIOSIS. All rts. reserv. 

12020017 BIOSIS NO.: 199900300536 

Minimal amount of insulin con reverse diobetic 7o%7ohcart7o7o7o function: 
Sorcoplosmic reticulum Ca2+ transport and 7o7o7ophospholamban7o7o7o 

protein 
expression. 

AUTHOR; Kim Hae Won(a); Cho Vong Sun; Lee Vun Song; Lee Eun Hec; Lee 
Hee 
Ron 

AUTHOR ADDRESS: (o)Department of Pharmacology, University of Ulson 
College 

of Medicine, 388-1 Poongnopdong, Songpo-**South Koreo 
JOURNAL: Korean Journal of Physiology A Pharmacology 3 (2):pl75-182 
April, 

7o%7cl9997o7o7o 
ISSN: 1226-4512 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE; English 
SUMMARY LANGUAGE: English 

ABSTRACT: In the present study, the underlying mechanisms for diabetic 
functional dcrongemcnt and insulin effect on diabetic cardiomyopathy were 
investigated with respect to sorcoplosmic reticulum (SR) Ca2+-ATPase ond 
7o7o7ophospholamban7o7e7o ot the tronscriptionol ond trans lotionol levels. 

The 

moximal Co 2+ uptake and the affinity of Ca2+- ATPase for Ca2+ were 
decreased in strcptozotocin- induced diabetic rat cordiac SR, however, 
even minimal omount of insulin could reverse both porameters. Levels of 
both mRNA and protein of 7o7o%phospholamban7o7<,7o were significantly 
increased 

in diabetic rot heorts, whereas the mRNA and protein levels of SR 
Ca2+-ATPase were significantly decreased. In cose of 

7o7o7ophospholomban7o%7o, 
insulin 7<,7o7otrcatment7o7.7« reverses these porameters to nor mo I levels. 
Minimal omount of insulin could reverse the protein levels; however, it 
could not reverse the mRNA level of SR Ca2+-ATPase ot all. Thus, the 
decreased SR Ca2+ uptoke oppcar to be largely ottributed to the 

decreased 

SR Ca2+-ATPose level, which is further impaired due to the inhibition by 
the increased level of 7»7c7ephospholamban7o7o%. These results indicate 
that ^, 
insulin is involved in the control of intracellular CaZt in the 
cardiomyocytc through multiple target protcins'via multiple mechonisms 
for the decrease in the mRNA for both SR Ca2+-ATPase ond 
7o7o7ophospholomban7o7o7o which ore unknown and needs further study. 



4/7/6 (Item 6 from file: 5) 



DIALOG(R)Filc 5:Siosis Preview/s(R) 
(c) 2003 BIOSIS. AW rts. reserv. 

11945373 BIOSIS NO.: 199900191482 

Effect of angiotcnsin-converting enzyme inhibition protein kinase C and SR 

proteins in %%%heart%7o% 7o%%faiIurc%%%. 
AUTHOR: Takeishi Yasuchiko; Bhagwot Ajit; Ball Nancy A; Kirkpatrick Darry 
L 

; Periosamy Muthu; Walsh Richard A (a) 
AUTHOR ADDRESS: (a)Div. Cardiol., Univ. Cincinnati, Coll. Med., 231 

Bethesda, Ave., Rm. 33534, Cincinnati OH 45267-**USA 
JOURNAL: American Journal of Physiology 276 (1 PART 2):pH53-H62 Jan., 
%%%1999%%7o 
ISSN; 0002-9513 
DOCUMENT P/PE-. Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: We tested the hypothesis that activation of protein kinase C 
(PKC) isoforms in pressure-overload 7o%7ohcart%%7« 7o7o%failure7o7o7o was 
prevented by angiotenstn-converting enzyme (ACE) inhibition, resulting in 
normalization of cardiac sarcoplasmic reticulum (SR) Ca2+ ATPase (SERCA) 
2a and 7o7(.%phospholamban7(,%7o protein levels and improvement tn 
intracellular Ca2+ handling. Aortic banded and control guinea pigs were 
given ramipril (5 mg cntdot kg-1 cntdot doy-l) or placebo for 8 wk. 
Ramiprtl-7*7o7otreated7o7o7o banded animals had lower left ventricular (LV) 

and 

lung weight, improved survival, increased isovolumic LV mechanics, and 
improved cardiomyocyte Ca2+ transients compared with placebo- 
yo7o7otreated7o7c,7o banded animals. This was associated with maintenance of 
SERCA 2a and 7o7o7ophospholamban7«7o7o protein expression. Translocation 
of 

PKC-alpha and epsiion was increased in placebo 7o7o7otreated7o%7o banded 
guinea pigs compared with controls and was attenuated significantly by 
7o7o7otreatmcnt7o7o7o with ramipril. We conclude that ACE inhibition 
attenuates 

PKC translocation and prevents downregulation of Ca2* cycling protein 
expression in pressure-overload hypertrophy. This represents a mechanism 
for the beneficial effects of this therapy on LV function and survival in 
7o7o%heart7o%7o %7c7of ai lurc7c%%. 
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Tumor necrosis factor-alpha decreases the phosphorylation levels of 
7o7o7ophospholambQn7o7o7o and troponin I in spontaneously beating rat 

neonatol 
cardiac myocytes. 
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ABSTRACT; The tumor necrosis factor (TNF) alpha level is elevated in 

patients with advanced 7o7o7o heart 7o7o7c 7e.7o7ofailure7o7<.7o, and the 
phosphorylation 

of contractile regulatory proteins is reduced in the humon 7o7o7oheart7ei7o7<>. 
We hypothesized that TNFalpha affects the phosphorylation of proteins 
involved in regulating contraction: 7o7o7ophospholamban%7o% (PLB), myosin 
light chain 2 (MLC2) and troponin I (Tnl). Spontaneously beating rat 
neonatal cardiac myocytes, prelabclled with (32P)orthophosphate, were 
7e7c7otreated7*7o7o with TNFalpha for 30 min, and stimutoted with 
isoproterenol 

for 5 min. 32P-Iabelled myofibrillar proteins were isolated by 157o 
SD5-PAGE. Baseline phosphorylation levels of PLB, Tnl and an unknown 



23kDo phosphoprotein were decreased by TNFalpha in o dose-dependent 
monner. Moreover, TNFalpha attenuated the phosphorylation levels of PLB 
and Tnl increased by a concentration of 0.01 muM isoproterenol, but not 
by 1 muM of isoproterenol. Although TNFalpha had no effect on the cAMP 
content or cAMP-dependcnt protein kinase activity in the presence or 
absence of isoproterenol, an inverse relationship was observed between 
the concentration of TNFalpha and the cGMP content in cardiac myocytes, 
and 7o7o7otreatment7*7o7o with TNFalpha resulted in a 

concentration-dependent 
increase in type 2 A protein phosphatase activity. The observation that 
TNFalpha decreases phosphorylation levels of PLB and Tnl in cardiac 
myocytes suggests that the reduction of these protein phosphorylation 
levels is partially responsible for alterations of intracellular 
Ca2+-cycling and the force of contraction in TNF alpha-7o7o7otrcatcd%7o7o 
cardiac myocytes. Furthermore, TNFotpha reduces myocyte contraction 

and 

protein phosphorylation states possibly via cAMP-independent mechanisms, 
at least in part, by the activation of type 2 A protein phosphatase. 
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Sub-antihypcrtensive doses of ramipril normalize sarcoplasmic reticulum 
calcium ATPase expression and function following cardiac hypertrophy in 
rats. 
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ABSTRACT: We examined the hypothesis that the angiotensin converting 
enzyme 

inhibitor ramipril at sub-ontihypertensive concentrations could improve 
sarcoplasmic reticulum (SR) CoATPosc expression and function in 
compensated hypertrophied rat hearts. Five weeks after abdominal aortic 
constriction, rats received a daily dose (50 mug/kg/day) of ramipril or 
vehicle for 4 weeks. Cardiac angiotensin-converting enzyme (ACE) activity 
increased with cardiac hypertrophy (CH) but returned to normal following 
ramipril 7o7o7otreatment7o7o7o. SR CoATPase protein levels and activity 
decreased with CH (P<0.05) and were normalized following ramipril 
7o7o7(,treatment7o7o7<. (P<0.05 for protein and activity). No change in 
7o7o7ophospholamban7o7o7o (PLB) protein levels could be demonstrated 
between 

any of the groups. In contrast, ramipril 7o7f>7e.trcatmcnt7o7o7o specifically 
increased control SR CaAlPase ond PLB mRNA levels by >607o (P<0.01) and 
>307o, respectively. In the hypertrophied group. SR Co ATPase increased by 
357o (P<0.05 n=6) after ramipril 7o7o7otreatment7<,7o7o. Calscquestrin mRNA 
levels were unaffected by ramipril administration. In conclusion, 
ramipril normalizes SR CaATPase protein expression and function in 
pressure-overloaded and compensated CH. The effects of ramipril are 
however multifaceted, affecting RNA and protein expression 
differentially. 
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Dissociation of the effects of forskolin and dibutyryl cAMP on force of 
contraction and 7o%%phospholamban7o7o7o phosphorylation in human 

%7o7chcart7o7o% 
%%7ofailure7o7c7o. 
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ABSTRACT: Forskolin and dibutyryl cyclic adenosine monophosphate (cAMP) 
stimulate force of controction independent of beta-adrenoceptor 
stimulation. We studied their effects on force of contraction and 
phosphorylation of regulatory proteins in isolated electrically driven 
trabeculaejcorneac from failing human ventricles. Thetphosphoryjation 
state of the regulatory protein %7o7ophospholamban%%7(. was studied 

because 

its phd^pHbrylation usually faithfully follows contractility. For 
comparison, the phosphorylation state of the inhibitory subunit of 
troponin was studied. The phosphorylation state was inferred from in 
vitro phosphorylation of homogenates with cAMP-depcndcnt protein kinase 
in the presence of radioactive gamma(32P)ATP. Proteins were separated by 
electrophoresis, and radioactivity in the proteins of interest was 
quantified. The maximal positive inotropic effects occurred at 30 muM 
forskolin ond were attenuated in comparison with the maximal effects to 
dibutyryl cAMP (1 mM). Both forskolin and dibutyryl cAMP enhanced 
7o7c.7ophospholamban%%% phosphorylation. However, 

7o % 7ophospho lam ba n7o %% 
phosphorylation in intact trabcculae 7o7o7otrcatedyo7o7o with 30 muM 

forskolin 

and 1 mM dibutyryl cAMP was comparable. It is suggested that 
7o7o7ophospholamban7o7o7o phosphorylation can be dissociated from inotropy 
at 

least in isolated trabecule from failing human hearts. 
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Cyclic stretch down-regulates calcium transporter gene expression in 
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ABSTRACT: Abnormal intracellular Ca2+ handling in hypertrophicd and 
failing 

hearts is partly due to changes in Ca2+ transporter gene expression, but 
the mechanisms responsible for these alterations remain largely unknown. 
We previously showed that intrinsic mechanical load (i.e. spontaneous 
contractile activity) induced myocyte hypertrophy, and down-regulated SR 
Ca2+ ATPase (SERCA2) gene expression in cultured neonatal rat ventricular 
myocytes (NRVM). In the present study, we examined whether extrinsic 
mechanical load (i.e. cyclic stretch) also induced NftVM hypertrophy, and 
led to down-regulation of SERCA2 and other Ca2+ transporter genes which 
have been associated with cardiac hypertrophy and 7o7o7(.failure7o7o7o in 
vivo. 

NRVM were maintained in serum -free culture medium under control 
conditions, or subjected to cyclic mechamcal deformation (1.0 Hz, 207o 
maximal strain, 48 h). Under these conditions, cyclic stretch induced 
NRVM hypertrophy, as evidenced by significant increases in total 



protein/DNA ratio, myosin heavy chain (MHC) content, ond atrial 
natriuretic factor (ANF) secretion. Cyclic stretch also induced the MHC 
isoenzyme "switch" which is characteristic of hemodynamic overload of the 
rot 7o7o7o heart 7o7o7o in vivo. Cyclic stretch significantly downreguloted 
SERCA2 and ryanodine receptor (RyR) mRNA and protein levels, while 
simultaneously increasing ANF mRNA. In contrast, Na+-Ca2+ exchanger and 
7o7o7ophospholamban7o7o7o mRNA levels were unaffected. Load-dependent 
SERCA2 

ond RyR down-regulation was independent of Ca2+ influx via voltage-gated, 
L-typc Ca2+ channels, as cyclic stretch down-regulated SERCA2 and RyR 
mRNA levels in both control and verapamil-7o7o7otreatedyo7o7(. NRVM. These 
results indicate that extrinsic mechanical load (in the absence of other 
exogenous stimuli) induces NRVM hypertrophy and causes down-regulation 
of 

Ca2+ transporter gene expression. This in vitro model system should prove 
useful to dissect the intracellular signaling pathways responsible for 
transducing this phcnotype during cardiac hypertrophy and 7e7o7oheart7o%7o 
%7o7ofailure%7o7o in vivo. 
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ABSTRACT: Abnormal beta-adrenergic signal transduction and intracellular 
Ca2+ handling appear to be a major cause of systolic and diastolic 
dysfunction in humans with 7<,7o7o heart 7o7o7o 7o7o7<,failure7e7o7o. The precise 
mechanisms which cause an alteration in Ca2+ handling have been a subject 
of investigation in recent years. Several lines of evidence suggest that 
activation of neurohormonal systems plays a central role. Altered 
Ca2+- hand ling (increased diastolic concentrations, reduced systolic Ca2+ 
release) have a strong impact on diastolic and systolic performance of 
failing hearts. Sarcoplasmic reticulum Ca2+ ATPase is reduced in activity 
and in steady- state mRNA concentration. The Na+-Ca2+ exchanger is 
upregulated at the mRNA and protein levels. 7o7o7oPhospholamban7o7o7o 

depends 

strongly on cAMP-dependent phosphorylation. A strong sympathetic 
activation has been shown to desensitize the cAMP system. At the 
receptor 

level, there is downregulation of beta 1 -adrenergic receptors. An 
uncoupling of beta 2 -adrenoceptors has been attributed to an increased 
activity and gene expression of beta-adrenergic receptor kinase in 
failing myocardium, leading to phosphorylation and uncoupling of 
receptors. Finally, recent evidence suggests that cAMP-dependent 
transcription mechanisms may play a role during beta-adrenergic 
stimulation and cardiomyopathy with 7o7o7oheart7o7o7o 7o7o7ofailure7o7o7o - by 
means 

of altered actions of cAMP response clement binding protein, the cAMP 
response element modulator, or the activating transcription factor 1. The 
exact characterization of signal transduction defects could offer novel 
approaches to the pharmacological 7o7o7otrcatment7o7o76 of 767f>7o heart %7o7e» 
%7o7ofailure7o7o%. 
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Chronic effects of cnalapril and amiodipine on cardiac remodeling in 
cardiomyopathic hamster hearts. 
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ABSTRACT: This study examined the effects of long-term 

%%%treatments%%% 
with the angiotensin-converting enzyme inhibitor, enatapril, and the 
calcium antagonist, amtodipinc, on the morphologic changes, progressive 
left ventricular dysfunction, and gene expression of the ryanodine 
receptor (RyR)and %%%phospholamban%7o% (PLN) in dilated 

cardiomyopathy, 

From the ages of 5 through 20 weeks, dilated cardiomyopathic hamsters, 
B1053.58 (BIO), and control hamsters. Fib, orally received cither 
enalapril or amiodipine. Cardiac function was assessed by 
echocardiography. At the age of 20 weeks, the collagen volume fractions 
were analyzed by the stereologic method. RyR and PLN messenger RNAs 
(mRNAs) were examined by Northern blot in the amiodipine group. In BIO, 
the reduction of left ventricular percentage of fractional shortening was 
attenuated in the enalapril group (p < 0.05) and amiodipine group (p < 
0.001), and the increase in the collagen volume froctton and the loss of 
myocytes were suppressed in the amiodipine group compared with the 
untreated group. RyR mRNA level decreased in BIO (p < 0.01) compared 
with 

Fib, but PLN mRNA level was unchanged. RyR and PLN mRNA levels were 
unaffected by the 7o7o%treatment%7o% with amiodipine. Enalapril and 
amiodipine prevent progressive remodeling and reduce cardiac dysfunction 
in BIO. Amiodipine prevents fibrosis and cell death without modifying RyR 
and PLN mRNA levels in BIO. 
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ABSTRACT: The clinical utility of doxorubicin, an antineoplastic agent, is 
limited by its cardiotoxicity. Our objective was to determine whether 
expression of genes encoding proteins that affect Ca2+ homeostasis were 
altered in the hearts of rabbits chronically 7o7o7otrcated7o7o7o with 
doxorubicin. Twelve male New Zealand white rabbits received an injection 
of doxorubicin (2.5 mg/kg i.v.) once a week for 8 weeks. Eight rabbits 
were similarly injected with saline as controls. The cardiac function of 
both groups was evaluated 8 weeks after the ft no I injection, as were the 
levels of expression of mRNA for Ca2+ transport proteins in the 
sarcoplasmic reticulum and plasma membrane. The amount of the 
sarcoplasmic reticulum Ca2+-ATPase and the Ca2* uptake capacity of the 
protein were also quantitated. Cardiac output was significantly decreased 
in the doxorubicin-7o7o7otreated7o7o7o group (71+-21 ml/min, P<0.05) 

compared 

with the control group (118 15 ml/min). The mRNA levels for the 
sarcoplasmic reticulum proteins were significantly diminished in the 
doxorubic(n-7o7<>7otreated7o7o7* hearts: ryanodine receptor- 2 (relative 



expression level compared with controls, 0.35+-0.13, P<0.01), 
sarcoplasmic reticulum Ca2+-ATPase (0.56+-0.13, P<0.01), 
7o7«,7ophospholamban7o7o7<. (0.62+-0.20, P<0.01) and cardiac calsequestrin 
(0.57+-0.26, P<0.01). In addition, both relative amount of sarcoplasmic 
reticulum Ca2+-ATPase protein {doxorubicin-%7o7etreatcd7o7o7o group, 69 
+- 177,, 

of control, P<0.01) and the Ca2+ uptake capacity (46.9 +- 9.8 nmol 
Ca2+/mg protein-5 min in doxorubicin group v 63.2 +- 10.4 in the control 
group, P<0.01) were concomitantly decreased with its mRNA expression 
level. Conversely, the mRNA levels for the plasma membrane proteins did 
not differ from those of control rabbits: the di hydro pyridine receptor 
(relative expression level, 1.03 +- 0.30, N.S.), plasma membrane 
Ca2+-ATPasc (0.93+-0.33, N.S.) and the Na+/Ca2+ exchanger (0.87 +- 0.34, 
N.S.). These findings suggest that o selective decrease in mRNA 
expression for sarcoplasmic reticulum Ca2+ transport proteins is 
responsible for the impaired Ca2+ handling, and thus, for the reduced 
cardiac function seen in the cardiomyopathy induced in rabbits by the 
long-term 7o7o7otrcatment7o7o7o with doxorubicin. 
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ABSTRACT; Objective: Sarcoplasmic reticulum dysfunction may contribute 
to 

calcium (Ca2+) overload during myocardial reperfusion. The aim of this 
study was to investigate its role in reperfusion injury. Methods: Open 
chest dogs undergoing 15 min of left anterior descending coronary artery 
occlusion and 3 h of reperfusion were randomized to intracoronary 
infusions of 0.97o saline, vehicle, or the Ca2+ channel antagonist, 
nifedipine (50 mug/mi n from 2 minutes before to 5 minutes after 
reperfusion). After each experiment, transmural myocardial biopsies were 
removed from ischemic/reperfused and nonischemic myocardium in the 
beating state and analyzed for (i) sarcoplasmic reticulum protein content 
(Ca2+ ATPase, 7«7<,7ophospholamban7o7o7o, and calsequestrin) by 
immunoblotting 

and (ti) Ca2+ uptake by sarcoplasmic reticulum vesicles with and without 
300 micromolar ryanodine or the Ca2+ ATPase activator, 

antlphospholamban 
(2D12) antibody. Results: Contractile function did not recover in 
controls and vehicle-7o7o7otreated7o7o7<, dogs after ischemia and reperfusion 
(mean systolic shortening, -2 +- 27o), but completely recovered in 
mfedipine-7o767otreated7o7o7o dogs (17 +- 27o, p = NS vs. baseline, p < 0.01 
vs. control). Ventricular fibrillation occurred in 507o of controls and 
vehicle dogs and 07o of nifedipine-7p7t.7otreatcd7<,7o7* dogs (p < 0.01). Ca2+ 
uptake by the sarcoplasmic reticulum vesicles was severely reduced in 
ischemic/reperfused myocardium of controls and vehicle dogs (p < 0.01 vs. 
nonischemic). Ryanodine and the 2D12 antibody improved, but did not 
reverse the low Ca2+ uptake. Protein content was similar in 
ischemic/reperfused and nonischemic myocardium. In contrast, Ca2+ uptake 
end the responses to ryanodine and 2D12 antibody were normal in 
ischemic/reperfused myocardium from nifedipine-7o7<,7otreated7o7o7o dogs. 
Conclusion: Dysfunction of the sarcoplasmic reticulum Ca2+ ATPase pump 
correlates with reperfusion injury. Reactivation of Ca2+ channels at 
reperfusion contributed to Ca2+ pump dysfunction. Ca2+ pump injury may 

be 

a critical event in myocardial reperfusion injury. 
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ABSTRACT: We asked whether thyroid hormone (T-4) would improve 
%%%hcart%%% 

function in left ventricular hypertrophy (LVH) induced by pressure 
overload (aortic banding). After bonding for 10-22 wk, rats were 
7o7e%treated7o%% with T-4 or saline for 10-14 d. Isovolumic LV pressure 
and 

cytosolic (Ca-2+) (indo-1) were assessed in perfused hearts. Sarcoplasmic 
reticulum Ca-2+ATPase (SERCA), 7»7o7ophospholamban7o7o7o, and alpha- and 
beta-myosin heavy chain (AAHC) proteins were assayed in homogenates of 
myocytes isolated from the same hearts. Of 14 banded hearts 
%7o%treated%%7o 

with saline, 8 had compensated LVH with normal function (LVH-comp), 
whereas 6 had abnormal contraction, relaxation, and calcium handling 
(LVH-dccomp). In contrast, banded animals 7o7«.7otrcated7o7<.7o with T-4 had 
no 

myocardial dysfunction; these hearts had increased contractility, and 
faster relaxation and cytosolic (Ca-2+) decline compared with LVH-comp 
and LVH-decomp. Myocytes from bonded hearts 7o7o7otreated7o7o7o with 
T-4 were 

hypertrophied but hod increased concentrations of alpho-MHC and SERCA 
proteins, similar to physiological hypertrophy induced by exercise. Thus 
thyroid hormone improves LV function and calcium handling in pressure 
overload hypertrophy, and these beneficial effects are related to changes 
in myocyte gene expression. Induction of physiological hypertrophy by 
thyroid hormone-like signaling might be a therapeutic strategy for 
7o7o7otreating7o7o7<. cardiac dysfunction in pathological hypertrophy and 
%7c%heart7o%7o 7c7o7of oi lurc7o7<,%. 
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ABSTRACT: In spontaneously beating guinea pig right otrio, levosimendan 
(LS, or 

R-((-(l,4,5,6-tetrahydro-4-mcthyl-6-oxo-3-pyridazinyl)phenyl)-hydrazono)p 
ropanedinitrile) exerted o positive chronotropic effect starting at 0.1 
mu-M. In electrically driven guinea pig left atria, LS (0.1-10 mu-M) 
increased force of contraction without changing time parameters of 
contraction. In electrically driven right papillary muscles, LS (0.1-10 
mu-M) enhanced force of contraction without effecting time parameters of 
contraction. The maximal effect on force of contraction at 10 mu-M 
amounted to 130 +- 8.67o of predrug value. The positive inotropic effect 



of LS in papillary muscles was greatly diminished by additionally applied 
carbachol. In (32P)- labeled guinea pig ventricular cardio myocytes, LS 
increased the phosphorylation stote of 7o7o7ophospholamban7o7<>7«,, the 
inhibitory subunit of troponin and C-protein. The maximal effect at 1 
mu-M amounted to 134 +- B.67o, 124 4.27o and 121 +- 87o of control for 
%%%phospholamban7o%%, the inhibitory subunit of troponin and C-protcin, 
respectively. LS (1 mu-M) increased cAMP content from 6.3 0.3 to 8.1 
+- 0.3 pmol/mg protein in guinea pig ventricular cardio myocytes. 
Furthermore, whole-cell patch-clamp studies were performed in guinea pig 
ventricular cardiomyocytes. In this setup, 10 mu-M LS increased the 
amplitude of L-type Ca*+ current to 402 +- 867o of predrug value. 
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ABSTRACT; To evaluate the effects of the in vivo endotoxin 
7o7<,7otreatment%%7c 

of the rat on (1) the contractile responses in the subsequently isolated 
papillary muscle to adrenergic and cholinergic agonists and (2) the 
biochemical parameters (cyclic GMP, nitric oxide synthesis, protein 
phosphorylation and ADP-ribosylation) in the subsequently isolated 
cardiomyocytes. Following the in vivo endotoxin 7o7o7(»treatment%7o7o (4 
mg/kg 

i.p., 18 h), contractile responses to increasing amounts of isoprcnaline 
or to increasing amounts of oxotremorine in the presence of a fixed 
amount of isoprcnaline were determined in isolated papillary strips. 
Activities of nitric oxide synthase, guanylyt cyclase, as well as 
phosphorylation of 7oyo7ophospholamban7o7o7o and troponin- inhibitory 
subunit, 

and pertussis toxin-catalyzed and endogenous ADP-ribosylotions were 
determined in the intact cardiomyocytes and subcellular fractions. The 
increase in the force of contraction by isoprenaline was reduced, while 
its inhibition by oxotremorine was greater in the 

endotoxi n- 7o7o7otrcatcd 7o7o7o 
papillary strips. The activities of both nitric oxide synthase, primarily 
of the inducible form of the enzyme, and cytosolic guanylyl cyclose were 
higher while the phosphorylations of both 7o7o7ophospholambon7o7o7o and 
troponin-inhibitory subunit were of lesser magnitude in the 
cardiomyocytes following the in vivo endotoxin 7o7o7otreatment%%7o. 

Pertussis 

toxin-catalyzed ADP-ribosylation of the 41 kDa polypeptide, which is the 
alpha subunit of Gi, was also decreased. The results of the present study 
support the postulate that alterations in both the cyclic AMP and cyclic 
GMP signalling cascade contribute to the myocardial dysfunction caused by 
endotoxin and cytokines. 
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JOURNAL: FASEB Journal 10 (ll):pl303-1309 %%%1996%%% 
ISSN: 0892-6638 
DOCUMENT TYPE: Article 
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LANGUAGE: English 

ABSTRACT: Pressure overload on the %7o%heart%%% is known to produce 
hypertrophy of card io myocytes and distinct changes in protein phcnotype, 
including reduced expression of the gene for the sarcoplasmic reticulum 
(SR) Ca-2+ ATPasc (SERCA2). In this study we have shown that the 

decrease 

in SERCA2 gene expression (normalized by poly(A)+ mRNA or 18 5 rRNA) in 

rats with 8 wk of aortic constriction was prevented by 
% % 7o treat ment % % % 

with etomoxir, an inhibitor of carnitine palmitoyltransferase 1. The 

reduction in steady- state mRNA levels for SR %%%phospholambcin7o7o% 
(PLP) 

and Ca-2+ release channel (CRC) in the pressure-overloaded animals was 
also prevented without any reduction in the extent of cardiac hypertrophy 
by 7o7o7otreatment%7e7o with etomoxir. Although no changes in mRNA levels 
for 

&APDH were evident in rats with pressure overload, the expression of the 
alpha-skeletal actin was increased; this change was prevented by 
etomoxir. Similar beneficial effects of etomoxir 7o7o7otreatmcnt7o%7o were 
also evident when the gene expression for SR SERCA2, PLP, and CRC in the 
hypertrophied 7o7o7oheart7<,7o7o was normalized with respect to mRNA for 
GAPDH. 

These results support the view that drugs such as etomoxir may increase 
the abundance of the mRNA for SR proteins in the hypertrophied 
7o7o7oheart7*7o7o and thus may prevent the transition of cardiac 
hypertrophy 
into 7c7o7oheart7o%% 7o7o%faiture7e7<,7o. 
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ABSTRACT: The ability to replace damaged myocardial tissue with new 
striated muscle would constitute a major advance in the 

7o7o7»trcatmcnt7o7o7o 
of 7o7c7odiseascs7»7o7o that irreversibly injure cardiac muscle cells. The 
creation of focal grafts of skeletal muscle has been reported following 
the intramural injection of skeletal myoblasts into both normal and 
injured myocardium. The goals of this study were to determine whether 
skeletal myoblast-dcrived cells con be engrafted into the murine 
7o7o7o heart 7o7o7o following arterial delivery. The murine 7o7o7ohcart7o7o7o 

was 

seeded with genetically labeled C2C12 myoblasts introduced into The 
arterial circulotion of the 7o7o% heart %7o7o via a transventricular injection. 
A transventricular injection provided access to the coronary and systemic 
circulations. Implanted cells were characterized using histochemical 
staining for beta-galactosidase, immunof luorescent staining for 
muscle-specific antigens, and electron microscopy. Initially the injected 
cells were observed entrapped in myocardial capillaries. One week after 
injection myoblasts were present in the myocardial interstitium and were 
largely absent from the myocardial capillary bed. Implanted celts 
underwent myogenic development, characterized by the expression of a 
fast-twitch skeletal muscle sarcoplasmic reticulum calcium ATPasc 
(SERCAl) and formation of myofilaments. Four months following injection 



myoblast-dcrived cells began to express a slow-twitch/cardiac protein, 
7<,7o7ophospholamban7o7o7o, that is normally not expressed by C2C12 cells in 
vitro. Most surprisingly, regions of close apposition between LacZ 
labeled ells and native cardiomyocytes contained structures that 
resembled demosomes, fascia adherens junctions, and gap junctions. The 
cardiac gap junction protein, connexin43, was localized to some of the 
interfaces between implanted cells and cardiomyocytes. Collectively, 
these findings suggest that artcriatly delivered myoblasts can be 
engrafted into the 7o7o7oheart7o7o7o, and that prolonged residence in the 
myocardium may alter the phenotypcs of these skeletal muscle-derived 
celts. Furhter studies are necessary to determine whether arterial 
delivery of skeletal myoblasts can be developed as %7o7(.trcatmcnt7o7o7o for 
myocardial dysfunction. 

4/7/20 (LUm 20 from file: 5) 
DIALOe(R)File 5:Biosis Previews(R) 
(c) 2003 BIOSIS. All rts. reserv. 

09900979 BIOSIS NO.: 199598355897 
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ABSTRACT: To characterize interventions resulting in 'physiological' growth 
of the 7c,7o7oheart7o7<,7o, Wistar- Kyoto (WKY) rots and spontaneously 
hypertensive rats (SHR) had hyperthyroidism induced (0.05 mg cntdot kg-1 
cntdot day-1 triiodothyronine for 6 days) or were 7o7o7otrcatcd7c>7o7o with a 
high dose of the carnitine palmitoyltransferosc-l inhibitor, etomoxir (15 
mg cntdot kg-1 cntdot day-1 for 5 weeks). Etomoxir increased cardiac 
growth evenly, but hyperthyroidism resulted in an over -proportional 
higher right ventricular weight. Both interventions increased the 
proportion of the myosin isozyme V-l. The rote of sarcoplasmic reticulum 
(SR) Ca-2+ uptake was increased to a greater extent in hypcrthyroid rats 
than in etomoxir-7o7<.7otreated7c7o7o rats (P It 0.05). Left ventricular levels 
of immunorcactivephospholamban (semiquantitative ELISA)were 

moderately 

decreased (P It 0.05) in hyperthyroid rats but not in ctomoxir- 
7o7o7otreated7»7o7o rots. The protein kinase A -catalyzed in vitro 
32P-incorporation into the SR Ca-2+ pump modulator 

7o7o 7ophos p ho lam ba n 7o 7o "/<, 
was greatly reduced (P It 0,05) in hypcrthyroid rats, indicating an 
increased in vivo phosphorylation. Etomoxir did not affect 
7o7o7*phospholamban7o7o7o phosphorylation in WKY rats. Thus, both a higher 

in 

vivo 7o7o7ophospholamban7o7e.7o phosphorylation state and a greater number 
of 

active Ca-2+ pumps contributed to an increased rate of SR Ca-2+ uptake in 
hyperthyroidism. The etomoxir 7o7o7otreatment7t.7<.7o primarily increased 
the 

number of active Ca-2+ pumps. A scheme is proposed focusing on long-term 
vs short-term regulation oftheSRCa-2+ pump/7o7o7ophospholamban7o7o7o 
system 

in 7o7o7odiscased7o7o7o states. 
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ABSTRACT: The sarcoplasmic reticulum (SR) and the contractile protein 
myosin play an important role in myocardial performance. Both of these 
systems exhibit plosticity.sbd.i.e., quantitative and/or qualitative 
reorganization during development and in response to stress. Recent 
studies indicate that SR Cc2+ uptake function is altered in adaptive 
cardiac hypertrophy and 7o7o7ofailurc7o7o7o. The molecular bosis (genetic 

and 

phenotypic) for these changes is not understood. In an effort to 
determine the underlying causes of these changes, we characterized the 
rabbit cardiac Ca2*'ATPase phenotypc by molecular cloning and 
ribonuclcosc A mapping analysis. Our results show that the 7o7o7oheart7o7o7o 
muscle expresses only the slow-twitch SR Ca2+-ATpQse isoform. Second, 
we 

quantitated the steady- state mRNA levels of two major SR Ca 2+ 
regulatory 

proteins, the Ca2*-ATPose and 7o767ophospholamban7o7o7o, to see whether 
changes 

In mRNA content might provide insight into the basis for functional 
modification in the SR of hypertrophied hearts. In response to pressure 
overload hypertrophy, the relative level of the slow-twitch/cardiac SR 
C2+-ATPase mRNA was decreased to 347o of control at 1 week. The 
relative 

Ca2+-ATPase mRNA level increased to 1677o of contrll after 3 days of 
7o7o7otreatment7o7o7o with thyroid hormone. In contrast, in hypothyroid 
animals, the relative Ca2+-ATPasc mRNA level decreased to 517o of control 
at 2 weeks. The relative level of 7o7o7ophospholamban7o%7o mRNA was 
decreased 

in 367o in 1-wcek pressure overload. Hyperthyroidism induced a decrease to 
617o in the 7c7o7ophospholamban7<.7c,7o mRNA level after 3 days of 

7o7o 7otreatmcnt % X "k 
, while hypothyroidism had virtually no effect on 7o7o7ophospholamban7<>7<>7o 
mRNA levels. These data indicate that the expression of SR Ca2+-ATPasc 
and 7o7(,7<,phospholamban7<.7o7o mRNA may not be coordinately regulated 

during 

myocardial adaptation to different physiological conditions. 
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Abstract; Bockground- Failing human myocardium is characterized by 
abnormal 

relaxation, a deficient sarcoplasmic reticulum (SR) Ca2+ uptake, and a 
negative frequency response, which have all been related to a 
deficiency in the SR Ca2+ ATPasc {SERCA2a) pump. 

Methods and Results -To test the hypothesis that an increase in 
SERCA2a could improve contractile function in cardiomyocytcs, we 
overcxpresscd SERCA2a in human ventricular myocytes from 10 patients 
wi t h e nd - stage 7o 7o7ohcart 7o7o 7« % 7o7o fa i lurc7o 7o 7o a nd exam i ned 
intracellular 

Ca2+ handling and contractile function. Overexpression of SERCA2a 
resulted in an increase in both protein expression and pump activity 
and induced a faster contraction velocity (26.7 +/- 6.77o versus 16.6 
+/- 2.77o shortening per second, P < 0.005) and enhanced relaxation 
velocity (32.0 +/- 10.1% versus 15.1 +/- 2.47<., P < 0.005). Diastolic 
Ca2+ was decreased in failing cardiomyocytcs ovcrcxprcssing SERCA2a 
(270 ♦/- 26 versus 347 +/- 30 nmol/L, P < 0.005), whereas systolic Ca2+ 
was increased (601 */- 38 versus 508 +/- 25 nmol/L, P < 0.05), In 
addition, the frequency response was normalized in cardiomyocytcs 
ovcrexpressing SERCA2a. 

Conclusions-Thesc results support the premise that gene-based 
therapies and targeting of specific pathways in human 7o7o7oheart7»7*7o 
7o7o7«.faiture7o7o7o may offer a new modality for the 7o7o7otreatment7o7o7o 
of this 

%7o7odiseasc7o7o7o. 



4/7/24 (Item 2 from file; 34) 
DIALOG(R)File 34;SciScarch(R) Cited Ref Sci 
(c) 2003 Inst for Sci Info. All rts. reserv. 

07592572 Genuine Article#; 186EK Number of References: 34 
Title: Serial changes in sarcoplasmic reticulum gene expression in 

volume-overloaded cardiac hypertrophy in the rat: effect of an 

angiotensin II receptor antagonist 
Author(s): Hashida H; Hamada M (REPRINT) ; Hiwada K 
Corporate Source; EHIME UNIV,SCH MED, DEPT INTERNAL MED 
2/SHIGENOBU/eHIME 

7910295/JAPAN/ (REPRINT); EHIME UNIV,SCH MED, DEPT 
INTERNAL MED 

2/SHIGENOBU/EHIME 7910295/jAPAN/ 
Journal: CLINICAL saENCE, 7o7o%1999%7<.7o, V96, N4 (APR), P387-395 
ISSN: 0143-5221 Publication date: 19990400 

Publisher: PORTLAND PRESS, 59 PORTLAND PLACE, LONDON WIN 3AJ, 
ENGLAND 

Language; English Document Type: ARTICLE 

Abstract: This study was designed to clarify whether gene expression in the 
card iac sarcoplasmic reticulum [sarcoplasmic reticulum Ca2+-ATPase 
(SERCA), 7o7c.7ophospholamban7o7o7», ryanodine receptor and calsequestrin] 
changes in accordance with left ventricular functional alterations in 
the volume-overloaded 7<,7o7o heart 7o7o7o. Further, the effect of the 
angiotensin II type I receptor antagonist, TCV-116, on the expression 
of these genes was also evaluated. Left ventricular fractional 
shortening was significantly increased at 7 days, had returned to 



control levels at 21 days, and had significantly decreased at 35 days 
after the shunt operation, compared with sham-opcrated rats. The level 
of SERCA mRNA was significantly decreased at both 21 days and 35 days 
after the shunt operation. The levels of ryanodine receptor and 
7oyo7ophospholamban%%% mRN As were significantly decreased at 35 days 

in 

shunt -operated rats. The decrease in the SERCA mRN A level preceded 
the 

development of cardiac dysfunction. The levels of SERCA and ryanodine 
receptor mRNAs were correlated positively with left ventricular 
fractional shortening (r = 0.73, P < 0.0001 and r = 0.61, P < 0.01 
respectively). Attenuation of the decrease in left ventricular 
fractional shortening occurred on %7o%treatmcnt%7o% with TCV-116. 
After 

the 7o7o7otreatment7o7o7o with TCV-116, the levels of SERCA and 
7t.7o7ophospholambon7o7o7o mRNAs were restored to the respective values 

in 

sham-opcrated rats. Ryanodine receptor mRNA levels remained unchanged 
after 7o7o7otrcatment%7o7» with TC\/-116. These results indicate that the 
down-regulation of SERCA and ryanodine receptor mRNA levels may be 
related to card iac dysfunction in the volume -over loaded 7o%7oheart7o7o7o. 
In addition, 7o7o7otreatmcnt7o7o7o with an angiotensin IT receptor 
antagonist 

may restore the altered sarcoplasmic reticulum mRNA levels to control 
levels, and this may result in attenuation of the functional impairment 
in the volume -over loaded 7o7o7oheart7<,7o7o. 
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Abstract: To evaluate the role of angiotensin II (All) on diastolic 

function during post-myocardial infarction (MI) ventricular remodeling, 
coronary ligation or sham operation was performed in male 
Sprague-Dawley rats. Experimental animals were maintained on either 
irbesartan, a selective A T(l)- receptor antagonist, or no 
7o7o7otreatment7o7o7o. Measurement of cardiac hypertrophy, diastolic 
function, and sarcoendoplasmic reticulum adenosine triphosphatase 
(ATPase; SERCA) and 7o7o%phosphotamban7o7o7o (PLB) gene expression was 
assessed at 6 weeks after MI. Myocardial infarction caused a ^ 
significant increase in myocardial mass and left ventricular (LV) 
filling pressure, whereas LV systolic pressure and ♦dP/dt were reduced. 
The time constant of isovolumtc relaxation (tau) was markedly prolonged 
after MI. Post-MI hypertrophy was associated with substantial increases 
in the messenger RNA (mRNA) expression of atrial natriuretic peptide 
(ANP), but no significant changes in SERCA or PLB levels. Although 
irbesartan 7o7o7otreatment7o7o7o did not significantly alter post-MI LV 
systolic or filling pressures, it nevertheless effectively decreased 
ventricular hypertrophy, improved tau, and normalized ANP expression. 
These results demonstrate that AT(l)-rcceptor antagonism has important 
effects on myocardial hypertrophy and ANP gene expression, which are 
independent of ventricular loading conditions. In addition, the 
improvement in diastolic function was not related to changes in SERCA 



and PLB gene expression, suggesting that enhanced myocardial relaxation 
was related to the blockade of All effects on myocyte function or 
through a reduction of ventricular hypertrophy itself or both. 
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Abstract: Wc tested the hypothesis that activation of protein kinase C 
(PKC) isoforms in pressure-overload 7o7o7o heart 7o7o7o 7o7o7ofailure7o7o7o was 
prevented by angiotensin-converting enzyme (ACE) inhibition, resulting 
in normalization of card'mc sarcoplasmic reticulum (SR) Ca2+ ATPase 
(SERCA) 2a and 7o7o7ophospholamban7»7o7o protein levels and improvement 

in 

intracellular Ca2+ handling. Aortic-banded and control guinea pigs were 
given ramipril (5 mg . kg(-l). day(-l)) or placebo for 8 wk. Ramipril- 
7o7o7otreated7o7o7o bonded animals had lower left ventricular (LV) and lung 
weight, improved survival, increased isovolumic LV mechanics, and 
improved card io myocyte Ca2* transients compared with placebo-' 
7o7o7otreatcd7e7o7o banded animals. This was associated with maintenance 

of 

SERCA 2a and 7o7o7ophospholamban7o7o7o protein expression. Translocation 

of 

PKC-olpha and -epsilon was increased in placebo- 7o7o7otr^ted7o7o7o banded 
guinea pigs compared with controls and was attenuated significantly by 
7o7o7otreatmcnt7o7o7o with ramipril. We conclude that ACE inhibition 
attenuates PKC translocation and prevchts downregulation of Ca2+ 
cycling protein expression in pressure-overbad hypertrophy. This 
represents a mechanism for the beneficial effects of this therapy on LV 
function and survival in 7o7o7o heart 7o7o7o 7o7o7ofailure7o7o7o. 
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Abstract; The response of cardiac SR Ca2*-loading to cAMP in failing rabbit 
and human myocardium was examined. Right ventricular (RV) trabeculae 
were isolated and mounted for isometric tension measurement. They were 
7o7o7otreated7o7o7o with saponin to permeabilisc the sorcolemma but retain 



SR 

function, and bathed in a mock intraccllulor solution including 
adenosine triphosphate (ATP) and buffered colcium. Caffeine (10 mM) was 
used to release calcium from the SR. The amplitude of the 
caffeine-induced contracture was used as a quantitative gauge of the 
calcium content of the SR. Trabecule were isolated from rabbits with 
coronary ligation-induccd %%%heart%7o% %7o%failure%7o% (LIS, n = 11), 
sham 

operated controls (SW, n = 10), isoprcnaline-lnfuscd rabbits (ISO, 7 
days mini-osmotic pump 100 mu g/kg.h; n = 7) and saline-infused 
controls (SAL, n = 7). Failing human RV trabeculac were obtained at the 
time of cardiac transplantation. Failing rabbit trabecuioe demonstrated 
increased baseline caffeine-induced contractures compared with 
controls, the response to cAMP was similar in the two groups (LIG 9.3 
*/- 2.8 vs SH 10.6 +/- 3.2 % F-max; P = 0.55), There was no difference 
in the baseline SR Ca2+-Ioading in ISO trabcculae compared with SAL 
controls but there was a marked difference in the response to cAMP 
(11.1 5.4 vs 4.2 */- 2.1 7o F-max. P = 0.02). SR Ca2+-loading in 
failing human RV trabecule was related to the severity of LV 
dysfunction (r = 0.59, P = 0.04) and demonstrated a marked cAMP-induced 
enhancement of caffeine-controcture (20.2 +/- 4.7 % increase of F-max) 
which was greater in patients with low compared with high ejection 
fraction. While beta-receptors are known to be down regulated in 
7o7o7*hcart7o7<.7o 7o7e,7<,failurc7o7o7o these results suggest that the scope 
for 

cAMP-mediotcd enhancement of SR Ca2+-loading is maintained. 
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Abstract: It has been reported that the balance between the two main Ca2+ 
removal systems in the cardiac cells, the sarcoplasmic reticulum (SR) 
and Na+/Ca2+ exchanger, is altered in failing human 7<,7o7oheart7o7«7o. We 
have studied postrest contraction behaviour as a noninvasive probe of 
the amount of Cq2+ stored in the SR in myocytes from failing and 
non-failing human ventricle. The first beat following a rest interval, 
as a percentage of the preceding steady state (Bl/SS), was larger and 
more variable in cells from failing 7o7o%heart7o7oyo, indicating some 
accumulation of Ca2+ in the SR during rest. This could be mimicked by 
'/MotreatmentyMo of myocytes with digoxigcnin, a compound which 
increases intracellular Na*, suggesting that alterottons in the Na+ 
balance of the cell might contribute to the effect. Isoprenoline, which 
stimulates Ca2+ uptake by the SR while the myocyte is beating, 
prevented SR Ca2+ accumu lotion during rest in susceptible myocytes. We 
hypothesize that loss of SR function in the failing 7o7o7ohcart7o7o7o is 
partially compensated for by increased Ca2+ extrusion via the Na+/Ca2+ 
exchange in the contracting myocyte, leading to increased intracellular 
Na+ during activity. This Na+ is lost at rest, predisposing the cells 
to occumulate Ca2+ in the SR. Experiments to test this hypothesis are 
proposed. 
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Abstract: Objectives: bcto-Receptor desensitisation, low basal cAN<P. and a 
negative force-frequency relationship are characteristic changes in 
human 7o7o7eheart7o7o7o 7o7o7ofailure7<,7o7o. Isolated cardiomyocytcs from 
noradrenalinc-7o7o7<,treated7o7o7o guinea pigs also show these features. We 
tested the hypothesis that low basal cAMP underlies the loss of 
contractile response to increasing stimulation frequency in this model. 
Methods; Isolated cardiomyocytcs were obtained from noradrenoline- 
7o7(,7otreated7oyo7o (NA) and sham-operated (SHAM) guinea. Figs. They 

were 

stimulated from 0.1-2 Hz and contraction amplitude was monitored with a 
video edge-detection system. Results: NA cells had !ess positive 
amplitude-frequency responses (AFR) compared to SHAMs at 2 mM (P = 
0.007, n = 17), or midrange Ca2+ concentrations (EC40-EC60)(P < 0.001, 
n = 13). When the cAMP agonist, 8-CPT-cAMP (CPT, 10 mu M) or high Ca2+ 
(above EC75) was added to NA cells the AFR was normalised to that of 
SHAM myocytes (NA vs. SHAM P = ns). In control experiments the CAMP 
antagonists, Rp-cAMPS (Rpc) and Rp-8-CPT-cAMPS (RpB, 100 mu M), 
blocked 

the positive inotropic effects of CPT at 0.5 Hz (control pD{2) = 4.36 
+/- 0.06, Rp8 pD(2) = 3.68 +/- 0.08, P < 0.0001, n = 6 paired). Rpc 
(100 mu M) completely but reversibly blocked the effect of maximal 
isoprenoline in control experiments (P < 0.0001). Neither antagonist 
reduced the AFR compared to time-matched controls (P = ns, n = 6). 
Blockade of SERCA2a with thopsigorgin resulted in a significant 
reduction in the AFR (ANOVA P < 0.0001). Conclusions; The results are 
consistent with sarcoplasmic reticulum (SR) function being a more 
important determinant of the amplitude-frequency relationship than 
tonic levels of CAMP under basal conditions. Reversal of AFR depression 
by CPT may result from stimulation of SRCa2+ uptake. (C) 1998 Elsevier 
Science B.V. 
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Abstract: Objectives; The effects of norepinephrine on expression of 
cardiac genes during pathological cardiac growth and 7o7o7o heart 79 7o7o 
7o7c.7<>failure7o7o7o arc not fully understood. Tissue insulin- 1 ike growth 
factor 1 (IGF-1) and its receptor (IGF-IR) play an important role in 
the regulation of the hyperplastic capacity of cardiac myocytes. 
Sarcoplasmic reticulum Ca2+-ATPasc (SERCA2), on the other hand, is 
important in regulating cardiac contractile function. The present study 
examined the effects of elevated levels of NE on expression of 



ISF-l/IGF-lR and SERCA2 mRNAs. Methods: Rats were infused with NE 
using 

osmotic minipumps for 3 and 6 days at a rate of 50 mu g/kg/h and also 
at Q higher dose (130 mu g/kg/h) for 6 and 14 days. Levels of 
expression of IGF-I/ISF-IR and SERCA2 mRNAs were determined by 
ribonuclcosc protection assay and by Northern blotting, respectively. 
Results-. NE %%%trcatment'/o%% significantly increased l&F-l mRNA 
levels 

in both Icft-and right-ventricle; however, levels of IGF-IR increased 
in the Icft-but not the right-ventricle. By contrast, NE infusion at 
both the lower dose and the higher dose failed to alter expression of 
SERCA2 mRNA. Conclusion: Our results suggest that NE 
yo%%trcatment%%7o 

differentially regulates expression of IGF-1 and IGF-IR in the 
ventricles of rat %%7ohcart%%7o and that NE appears not to affect 
expression of SERCA2 mRNA. (C) 1998 Elsevier Science B.V. 
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Abstract: Objective: Several pharmacological agents have been shown to 
produce 'physiological' or 'pathological' hypertrophy based on their 
functional characteristics. The aim of this study was to examine the 
features of cardiac hypertrophy induced by the selective beta(2),- 
adrenergic agonist, clenbutcrol. Methods: Cardiac hypertrophy was 
induced in 7 week-old Sprague-Dawley rats by daily injections of 
clenbutcrol for 3 weeks. Thyroxine and isoproterenol were also used to 
produce cardiac hypertrophy to serve as positive controls for 
physiological and pathological hypertrophy, respectively. Left 
ventricular function was determined using an isolated rat 7o%%hcart7o%% 
preparation. Ventricular samples were used for morphological 
examination while interstitial collagen was measured using 
high-pressure liquid chromatography. Expression of sarcoplasmic 
reticulum Co2+-ATPase2a (SERCA2a) and 7o7o%phospholamban%7<,7o (PLB) 

were 

measured by dot blot analysis. Results; Clenbutcrol 7o7o7otrcotmcnt7e7o7e 
induced 267o left ventricular hypertrophy. These hearts demonstrated 
normal systolic isovolumic parameters and diastolic (active relaxation 
and passive stiffness) function. In addition, left ventricular 
concentration of collagen and morphology was normal as were the 
expression of SERCA2a and PLB mRNA. Conclusion: These results suggest 
that clcnbutcrol-induced hypertrophy is 'physiological' in terms of its 
function, extracellular structure and gene expression. (C) 1998 
Elsevier Science B.V. 
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Abstract; Myocytes were isolated from ret % 7o7o heart 7o7o7o ventricles and 
then 

incubated with [P-32]-sodium phosphate to label intracellular AT? 
stores. Incubations of the [P- 3 2]- label led cardiomyocytes with a 
bcta-adrenoceptor agonist isoproterenol (10 mu M) and with a plant 
diterpene forskolin (100 mu M) Which directly stimulotcs adcnylyl 
cyclase increased the phosphorylation of an inhibitory subunit of 
troponin (TN-I) and 7o7o79phospholamban7o7o7o (PLN), Brief exposure (1 
min) 

of labelled myocytes to the hydroxy I radical generating system (H202 
plus FcCl2) decreased markedly the stimulatory action of isoproterenol 
and forskolin on TN-I and PLN phosphorylation. Similar exposure of 
myocytes to 5-5'-dithiobis-nitrobenzoic acid (DTNB) a sulf hydryl 
oxidizing reagent exerted little inhibitory effect on the isoproterenol 
or forskolin stimulated TN-I and PLN phosphorylation. In contrast 
exposure of myocytes to low concentrations (< 50 mu M) of 
N-cthylmaleimidc (NEM) a sulf hydryl alkyloting reagent augmented the 
stimulatory effect of isoproterenol on TN-I and PLN phosphorylation. 
The results further showed that brief 7o7o7otreatment7<.7o7o of myocytes 

to 

H202 plus FeCl2 markedly decreased isoproterenol-, but not forskolin-, 
stimulated cyclic AMP accumulation in the myocytes. The stimulatory 
action of NEM on the isoprotcrenol-stimulatcd TN-I and PLN 
phosphorylation appeared related to greater increase in the 
isoproterenol-stimulated cyclic AMP accumulation in the NEM- 
7o7o7otrcatcd7o7e7o cardiomyocytes. The results are consistent with the 
postulate that hydroxyl radical exposure of cardiomyocytes blunts the 
bcta-adrcnoceptor-mediated stimulation of adenylyl cyclase leading to 
decreased phosphorylation of TN-I and PLN and imply that such 
alterations account in part the reported depressed rate of relaxotion 
of the myocardium exposed to oxygen free radicals. 
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Abstract; Background The goal of this study was to determine the effects 
of 

ACE inhibition alone, AT(1) angiotensin (Ang) II receptor blockade 
alone, and combined ACEI and AT(1) Ang II receptor blockade in a model 
of congestive 7o7e7oheart%7c7e 7o7o7ofailure%7c% (CHF) on isolated LV 
myocyte 

function and fundamental components of the excitation-contraction 
coupling process. 

Methods and Results Pigs were randomly assigned to one of five 
groups; (1) rapid atrial pacing (240 bpm) for 3 weeks (n = 9), (2) 
concomitant ACEI (benazeprilat, 0.187 mg.kg(-l).d{-l)) and rapid pacing 
(n = 9), (3) concomitant AT(1) Ang II receptor blockade (valsartan, 3 



mg/kg/d) and ropid pacing (n = 9), (4) concomitant ACEI and AT(1) Ang 
II receptor blockade (benazeprilat/volsortan, 0.05/3 nig.kg{-l),d(-l)) 
and rapid pacing {n = 9), and (5) sham controls (n = 10). LV myocyte 
shortening velocity was reduced with chronic rapid pacing compared with 
control {27.2 +/- 0.6 versus 58.6 +/- 1.2 mu/s, P < .05) and remained 
reduced with AT(1) Ang II receptor blockade and rapid pacing (28.0 +/- 
0.5 mu m/s, P < .05). Myocyte shortening velocity increased with ACEI 
or combination %%7otreatmcnt%%% compared with rapid pacing only 
(36.9 

+/- 0.7 and 42.3 +/- 0.8 mu m/s, respectively, P < .05). Myocyte 
beta-adrenergic response was reduced by > 50% in both the rapid pacing 
group and the AT(1) Ang II blockade group and improved by 25% with 
ACEI 

and increased by 54% with combined %7«>%.trcatment%%%. Both L-typc 
Ca2+ 

channel density and the relative abundance of sarcoplasmic reticulum 
Ca2+ ATPase density were reduced with rapid pacing and returned to 
control levels in the combined ACEI and AT{1) Ang II blockade group. 

Conclusions The unique findings of this study were twofold. First, 
basic defects in specific components of the myocyte 
excitotion-contraction coupling process that occur with CHF are 
reversible. Second, combined ACEI and AT(1) Ang II blockade may 
provide 

unique benefits on myocyte contractile processes in the setting of CHF. 



4/7/34 (Item 12 from file: 34) 
DIALOG(R)File 34:SciScarch(R) Cited Ref Sci 
(c) 2003 Inst for Sci Info. All rts. reserv. 

06162969 Genuine Artie le#; XZ012 Number of References: 70 

Title: Interleukin-1 beta inhibits 7o%7ophospholamban%%% gene expression 

in 

cultured cardiomyocytes 
Author(s); McTiernan CF (REPRINT) ; Lemster BH; Frye C; Brooks S; 
Combes A; 

Fcldman AM 

Corporate Source: UNIV PITTS BURSH.DIV CARDIOL, MED CTR, BIOMED 
SCI TOWER 

1744-1, 200 LOTHROP ST/PITTS BURGH//PA /1 52 13 (REPRINT) 
Journal: aRCULATION RESEARCH, %%%1997%%%, VBl, N4 (OCT), 
P493-503 

ISSN: 0009-7330 Publication date: 19971000 

Publisher: AMER HEART ASSOC, 7272 GREENVILLE AVENUE, DALLAS, 
TX 75231-4596 

Language: English Document Type: ARTICLE 

Abstract; 7o7o7«Phospholamban7<,7o7o is a key regulatory protein that defines 
diastolic function. Proinflammatory cytokines interleukin-1 beta (IL-1 
beta) and tumor necrosis factor-alpha (TNF-alpha) can depress 
contractility and intracellular Ca2+ currents and transients. An 
alteration in 7o7e%.phospholamban7o7o7o expression is a possible pathway by 
which these cytokines modulate cardiac function. To test this 
hypothesis, primary cultures of neonate! rat cardiomyocytes were 
incubated with IL-1 beto, TNF-alpha, or both, and the level of 
7o7*7ophospholamban7o7o7o transcripts was examined by Northern blot 

analyses. 

7o7o7oPhosphotamban7o7o7o transcript levels were decreased approximate 
to 50% 

(P<.0001) in cells exposed to 2 ng/mL IL-1 beta (20 hours), whereas 
TNF-alpha had no effect. Western blot analyses showed that IL-1 beta 
also reduced 7o7o7ophospholamban7o7o7o protein levels (607o of control, 
P<.0001). The effects on transcript levels were gene specific; IL-1 
beta induced transcripts for inducible NO synthase (iNOS), did not 
alter GAPDH transcripts, and reduced sarcoplasmic reticulum 
Ca?(2+)-ATPasc (657o of control, P<.001) transcripts. Cardiomyocytes 
7o7o7otreated7o%7o with IL-1 beta showed no alterations in basal 
contractile 

pdrametcrs (maximum velocity of contraction and relaxation and maximal 
ampMtude of contraction) but were unresponsive to beta-adrenergic 
stimulation. Studies performed in the presence of second-messenger 
inhibitors; showed that the effect of IL-1 beta on 
%%%phospholbmban%%% 

transcript lc^els\was blocked by dexamethasone, was insensitive to 
inhibitors of iNOSf^:^looxygenase, or tyrosine kinases, but was 
enhanced by the odditTon of the protein kinase inhibitor staurosporine. 



These data demonstrate that IL-1 beta altcrs^the expression of 
7o7o7ophospholamban7o7o7o, a key regulator of cardiac contractility, at 
both 

the transcript and protein levels. The results suggest novel mechanisms 
by which IL-1 beta may modify cardiac function. 
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Abstract: To determine the biochemical and related functional effects of 
the thyroid hormone analog diiodothyroproprionic acid (DITPA) on 
primate myocardium, we examined, both before and ofter 23 days of 

DITPA 

(3.75 mg/kg):myosin heavy-chain (MHC) isoforms and sarcoplasmic 
reticulum (SR) calcium cycling proteins; left ventricular (LV) 
function; and the LV force-frequency relation in four baboons 
chronically instrumented with sonomicrometers and micromonometers. 
The 

force-frequency relation was measured as the response of isovotumic 
contraction (dP/dt(max)) to incremental pacing and the critical 
%%%heart%%% rate (HR{crit)) as the rate at which dP/dt(max) reached 

its 

maximum. DITPA increased basal LV dP/dt{max) (3300 +/- 378 versus 
2943 

+/- 413 mm Hg/sec; p = .09), and velocity of circumferential shortening 
(1.13 +/- 0.30 versus 0.76 */- 0.30 circ/sec; p < .01), decreased the 
basal time constant of isovolumtc relaxation (24,2 +/- 1.6 versus 29.9 
+/- 2.5 msec: p < .05), and increased the HR(crit) (203 +/- 19 versus 
168 +/- 20 bpm; p < .05), without effecting significant changes in 
either basal %%%hcart%%% rate (119 +/- 14 versus 111 +/- 17 bpm) or 
systolic blood pressure (137 +/- 14 versus 126 +/- 8 mm Hg). 
Quantitative immunoblotting revealed significant decreases in both 
7t,%7ophospholamban%%% and the ratio of %%7ophospholamban7o7e% to SR 
Ca2+ 

adenosine triphosphatase in DITPA -7o7*7otreated7o7o7o animals when 
compared 

to four untreated controls. By contrast, alpha-MHC isoform was 
undetectable in both DITPA 7o7»7otreated7*7o7o and control baboons. Thus, 
DITPA favorably alters the stoichiometry between the SR calcium pump 
and its inhibitor, 7o7o7ophospholamban7o7o7o, and has positive inotropic and 
lusitropic effects in the normal primate left ventricle, which may be 
useful in the %%%treatment%%% of 7o%7oheart%%% %%%failure%%%. 
Unlike 

thyroid hormone, these changes occur in the absence of detectable 
alpha-MHC isoform protein expression and without on increase in 
%%%heart%%% rate. 
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Abstract; The transcriptional, posttranscriptional, and related functional 
effects of thyroid hormone on primate myocardium are poorly understood. 
Therefore, we studied the effects of thyroid hormone on sarcoplasmic 
reticulum (SR) Ca2+-cycling proteins and myosin heavy chain (MHC) 
composition at the steady state mRNA and protein level and associated 
alterations of left ventricular (LV) performance in 8 chronically 
instrumented baboons. The force-frequency and relaxation-frequency 
relations were assessed as the response of LV isovolumic contraction 
(dP/dtCmax)) and relaxation (Tau), respectively, to incremental atrial 
pacing. Both the yo%7oheart7o%% rate at which dP/dt(max) was maximal 

and 

Tau was minimal (critical 7o7*7oheort7o7o7o rates) in response to pacing 
were 

increased significantly after thyroid hormone. Postmortem LV tissue 
from 5 thyroid- 7o7o7otreQted7€>7o 7* and 4 additional control baboons was 
assayed for steady state mRNA levels with cDNA probes to MHC 
i so forms 

and SR Ca2+-cyciing proteins. Steady state SR Ca2+-AT?ase and 
7o7o7ophospholamban7o7o7o mRNA increased in the hyperthyroid state, and 
alpha-MHC mRNA appeared de novo, whereas beta-MHC mRNA 
decreased. 

Western analysis (4 thyroid-%%%treated7o7o7o and 4 control baboons) 
showed 

dircctionolly similar changes in MHC isoforms and a slight increase in 
SR Ca2+-ATPase. In contrast, there was a statistically nonsignificant 
decrease in 7o7o7ophospholamban7o7»7o protein, which resulted in a 
significant 407o decrease in the ratio of %%7ophospho!amban7o7o7o to 5R 
Ca2+-ATPase. Thus, thyroid hormone increases the transcription of 
Ca2+-cyciing proteins and shifts MHC isoform expression in the primate 
LV. Our data suggest that both transcriptional and posttranslational 
mechanisms determine the levels of these proteins in the hyperthyroid 
primotc %7o7o heart 7o7e7o and mediate, in part, the observed enhanced 
basal 

and frequency-dependent LV performance. 
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Abstract: 1 The effect of the phosphatase inhibitor, cantharidin (3-300 mu 
M) on force of contraction wos studied in isolated electrically driven 
right ventricular trabecutce carmae from human myocardium. 

2 The positive inotropic effect of cantharidin started at a 
concentration of 100 mu M with a positive inotropic effect to 1997o and 
to 2767o of the predrug value in no nf ailing and failing human hearts, 
respectively. 



3 Under basal conditions the contraction time parameters were 
prolonged in human 7o7o7ohcart7o%7B 7e7o7ofailure%7o7o vs. nonf ailing 
preparations. However, the positive inotropic effect of conthcridin did 
not affect contraction time parameters. Thus, time to peak tension, 
time of relaxation and total contraction time were not shortened by 
cantharidin in nonfailing and failing preparations. 

4 The phosphatase activity was unchanged in preparations from 
failing hearts compared to nonfailing hearts. 

5 Cantharidin inhibited phosphatase activity in a 
concentration-dependent manner. The IC50 value of cantharidin was 

about 

3 mu M in both nonfailing and foiling human myocardium. 

6 The positive inotropic effect of cantharidin was similar in 
nonfailing and failing human hearts, accompanied by a similar 
inhibitory effect of cantharidin on the phosphatase activity. The 
positive inotropic effect of cantharidin in failing hearts was as 
strong as the effect of isoprenaline in nonfailing hearts. 

7 It is concluded that the 7(,7e.7otreatment7e7o7o with a phosphatase 
inhibitor may offer a new positive inotropic modality for the 
7o7o7otreatment7o7o7o of human %7o%heart7o7o7c 7o7o7cfailurc%7o7o. 
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Abstract; Evaluation of the myocardial relaxation has become important in 
the last years. Pm impaired relaxation may precede contractile 
dysfunctions and even cause 7o%7ohcart7o7o7o 7o7o7ofailure7o%7o. To 

7o%7otreat7o7.7o 

this impaired lusitropism it is necessary to properly assess the 
lusitropic state of the 7o 7o7o heart 7o7o 7c and understand how drugs affect 

the 

cellular mechanisms underlying myocardial relaxation (sarcoplasmic 
reticulum function, Ca2+ fluxes through the sarcolcmma and myofilament 
Ca2+ sensitivity). Current information regarding these issues is 
provided in this review. The relative usefulness of the mechanical 
parameters used to evaluate the lusitropic state of the 7o7o7(,heart797«7o in 
experimental models applied in pharmacology will also be discussed. 
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Abstract: 7o7o%Phospholamban%%% is a putative suppressor of the Ca2+ 
ATPase 

of the cardiac sarcoplasmic reticulum. The level of mRNA encoding the 
Ca2+ ATPase has been shown to be increased, whereas the 
7o7o7*phospholamban7o7o7o mRNA level to be decreased in the ventricles 
obtained from hyperthyrotd rabbits [Ncgai R, Zaroin-Herzberg A, Brand! 
CJ, Fujii J. Tada M, AAocLcnnan DH, Alpert NR, Periasamy M. (1989) Proc 
NotI Acad Sci USA 86: 2966-2970]. The present study was designed to 
examine whether these effects of thyroid hormone on the expression of 
the Ca2* ATPase and 7c>7o7ophospholambon7o7o7(. arc exerted directly on 
cardiac 

myocytes and whether the resultant incoordinate expression of these 
proteins alters Ca2+ pumping activity. We studied the levels of 
7o7o7ophospholamban7o7o7o and Co 2+ ATPase mRNA in primary isolated 
neonatal 

rat myocardial celts incubated with triiodothyronine (T-3) for 3-48 h 
and the Ca2+ uptake activity of the microsomes prepared from the cells. 
Northern blot analysis showed that T-3 decreased 

%7o7ophospholamban7o%7c 

mRNA levels to about a half of control in 24 h. On the other hand, Ca2+ 
ATPase mRNA gradually increased with time. EC(50) for 
7o%%phospholamban7<,7o% mRNA expression was 2.5 x lO(-lO) M which 

was 

approximately 10 times higher than that for the Ca2+ ATPase. T-3 
increased V-mox of Ca2+ uptake with the significant reduction of K-0.5 
for Ca2+ (0.40 0.02 mu M for control v 0.31 +/- 0.02 mu M for T-3- 
7o7o7otreated7o7o7o vesicles), indicating that thyroid hormone stimulates 
Ca2+ pumping activity not only by increasing the Ca2+ ATPase but also 
decreasing 7e7o7ophospholamban7o7<,7o. These results suggested that 
7<,7o7ophospholamban7o7o7o regulates the Ca2+ ATPase in dual modes; in 
short 

time range, by decreasing the affinity of the Ca2+ ATPase for Ca2+ by 
phosphorylation of 7o7o7<,phospholamban7o7o7o with cAMP-dependent 
protein 

kinase, and in long time range, by changing the molecular ratio between 
the two proteins through the regulation of gene expression. 
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Abstract: Thyroid hormone effects on myocardial gene expression have been 
well defined in animal models, but their relationship to the 
pathogenesis of cardiac dysfunction in hypothyroid humans has been 
uncertain. We evaluated a profoundly hypothyroid young man with dilated 
cardiomyopathy. Before and during 9 months of thyroxine therapy, serial 



ossessment of myocardial performance documented substantial 
improvements in the left ventricular ejection fraction (16-377(,), left 
ventricular cnd-diastolic diameter (7.8-5.9 cm), and cardiac index 
(1.4-2.7 liters-min-l.m-2). Steady-state levels of mRNAs encoding 
selected cardiac proteins were measured in biopsy samples obtained 
before and after thyroxine replacement. In comparison with myocardium 
from nonf ailing control hearts, this patient's pretreatment 
alpha-myosin heavy-chain mRNA level was substantially lower, the atrial 
natriuretic factor mRNA level was markedly elevated, and the 
7e7o7ophospholamban7o7o% mRNA level was decreased. All of these 
derangements 

were reversed 9 months after restoration of euthyroidism. These 
observations in an unusual patient with profound myxedema and cardiac 
dilatation permit correlation between the reversible changes in 
myocardial function and steady-state mRNA levels in a cardiomyopathy. 
They suggest that alterations in gene expression in the dilated 
myopathic 7o7o7oheart7o7o7o may be correctable when a 
7o7o7otreatable7o7o7o cause 
is identified. 
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Abstract; The relative effects of drugs which elevate cytosolic cyclic AMP 
on inotropy and diastolic relaxation (lusitropy) of guinea pig atria 
were quantified in vitro. There was a temporal difference between 
these responses in that inotropy reached peak response considerably 
faster than lusitropy. Also, although the relaxation response was 
sustained to an elevated steady state, the inotropic responses to beta 
adrenoceptor agonists were transient and returned to base line over 90 
min. However, the inotropic responses to forskolin and dibutyryl 
cyclic AMP (cAMP) were sustained. For all of the drugs tested, the 
lusitropic response was at least 4 times more sensitive than the 
inotropic response (i.e., the concentration response curve for 
relaxation was shifted to the left of the curve for inotropy). In the 
case of beta adrenoceptor agonists, these differences were greater, 
presumably because of the fading inotropic response over 90 min. It 
wos found that although high efficacy beta adrenoceptor agonists such 
as isoproterenol (and the direct activator of adenylate cyclase 
forskolin) produced both inotropy and lusitropy, lower efficacy 
agonists produced predominant lusitropy. The low efficacy agonist 
prenalterol produced insignificant inotropy but 60% maximal lusitropy. 
These data were modeled mathematically by a "differential coupling 
model" which assumed that a uniform cytosolic level of elevated cAMP 
activated two biochemical processes of differing sensitivity. Thus, 
the lusitropic response (phosphorylation of 7o7<.7ophospholambon7o7o7o) was 
coupled more efficiently to the cAMP response than the inotropic 
response (phosphorylation of calcium channels). A second model 
("differential messenger concentrotion model") which calculated the 
effects of a compartmentalization of cAMP concentration within the 
cardiac cell by restricted diffusion and/or selective degradation by 
phosphodies-terases also was used. The implications of these data are 
discussed in terms of the choice of tissue response used to measure 
agonist potency and/or efficacy and the possible use of differentially 
coupled physiological responses to achieve selective drug 
7o%yotreatment%7o7o. 
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Although captopril, an ongiotcnsin-converting enzyme (ACE) inhibitor, has 
been shown to exert a beneficial effect on cardiac function in 
7o7o7oheart7o7o% 

7o7o7ofailurc7o7o7o, its effect on the status of sarcoplasmic reticulum (SR) 
Casup 2sup + transport in the failing 7o7o7o heart 7o767o has not been examined 
previously. In order to determine whether captopril has a protective action 
on cardiac function, as well as cardiac SR Casup 2sup +-pump activity and 
gene expression, a rot model of 7o7o7oheart7«7e7o 7o7o7ofailurc7o7o7o due to 
myocardial 

infarction was employed in this study. Sham operated and infarcted rats 
were given captopril (2 g/l in drinking water; this 7o7o7otreatmcnt7e7o7o was 
started at cither 3 or 21 days and was carried out until 8 weeks after the 
surgery. The untreated animals with myocardial infarction showed increased 
7o7o7ohcart7o7o7o weight and elevated left ventricular end diastolic pressure, 
reduced rates of pressure development and pressure fall, as well as 
depressed SR Casup 2sup + uptake and Cosup 2sup +-stimulated ATPose 
activities in comparison with the sham control group. These hemodynamic 
and 

biochemical changes in the failing hearts were prevented by 
%7o7otrcatment7e7o7o 

of the infarcted animals with captopril. Likewise, the observed reductions 
in the SR Casup 2sup + pump and 7<,7o7ophospholamban7o7*7o protein contents, 
as 

well as in the mRNA levels for SR Casup 2sup + pump ATPase and 
7o7o7ophospholamban7t.7o7o, in the failing 7o7o7oheart7c7o7o were ottenuoted by 
captopril 7o7o7otreatment7o7o7o. These results suggest that 7<,7<,7ohcart7o7t.7o 
7o7o7ofailurc7<,7o7o is associated with a defect in the SR Casup 2 su p + handling 
and a depression in the gene expression of SR proteins: the beneficial 
effect of captopril in %7o7oheart7o7e7o 7o%7ofailure7c,%7o may be due to its 
ability 

to prevent remodeling of the cardiac SR membrane. 
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We asked whether thyroid hormone (Tinf 4) would improve 7o7o7ohcart7o7o7o 



function in left ventricular hypertrophy (LVH) induced by pressure overload 
(aortic banding). After banding for 10-22 wk, rats were 7o7o7otrcatcd7o7e.7o 
with 

Tinf 4 or soline for 10-14 d. Isovolumic LV pressure and cytosolic (Casup 
2sup +) (indo-1) were assessed in perfused hearts. Sarcoplasmic reticulum 
Casup 2 sup +- ATPase (SERCA), 7e»%7ophospholamban%7o7o, and alpha- and 
bcto-myosin heavy chain (MHC) proteins were assayed in homogenates of 
myocytes isolated from the same hearts. Of 14 banded hearts 
7o7o7otrcated7<.7o% 

with saline, 8 had compensated LVH with normal function (LVH{comp)), 
whereas 6 had abnormal contraction, relaxation, and calcium handling 
(LVH{dccomp)). In contrast, banded animals 7o7o7<.treated7o7o7o with Tinf 4 
had no 

myocardial dysfunction; these hearts had increased contractility, and 
faster relaxation and cytosolic (Casup 2sup +) decline compared with 
LVH(comp) and LVH(dccomp). Myocytes from banded hearts 
%7o7otreated7o%% with 

Tinf 4 were hypertrophied but had increased concentrations of olpho-MHC 
and 

SERCA proteins, similar to physiological hypertrophy induced by exercise. 
Thus thyroid hormone improves LV function and calcium handling in pressure 
overload hypertrophy, and these beneficial effects arc related to changes 
in myocyte gene expression. Induction of physiological hypertrophy by 
thyroid hormone-tike signaling might be a therapeutic strategy for 
7o7o7otrcating7o7o7o cardiac dysfunction in pathological hypertrophy and 
7o7o%heart%7c7o 7o7o%f ai lure7o7o7o. 



4/7/44 (Item 1 from file; 73) 
DIALOG(R)Fife 73;EMBA5E 
(c) 2003 Elsevier Science B.V. All rts. reserv. 

10600004 EMBASE No; 2000065247 

Receptor-mediated signal transduction and drug development: Angiotensin 
Il-medtated signal transduction, ATinf 1 receptor antagonists and ACE 
inhibitors in congestive 7o7o7o heart 7o7o7<, 7o7o7<,failurc7o7e7o 

Endoh M.; Sakurai K.; Tomoike H. 

M. Endoh, Department of Pharmacology, Yamagata Univ. School of 
Medicine, 

2-2-2 lido-nishi, Yamagata 990-9585 Japan 

Phormacometrics ( PHARMACOMETRICS ) (Japan) 1999, 58/1 (1-15) 
CODEN: OYYAA ISSN: 0300-8533 
DOCUMENT TYPE: Journal; Article 

LANGUAGE; JAPANESE SUMMARY LANGUAGE: ENGLISH; JAPANESE 

Various types of receptor ore distributed on the surface membrane of 
myocardial cells, which arc activated by neurotransmitters, neuropeptides, 
autacoids and cytokines to lead to the subsequent functional and metabolic 
adaptation, and altered gene expression and synthesis of functional 
proteins of the 7o7o7o heart 7o7o7o. Among these regulatory mechanisms, 
angiotensin 

II (Ang II) plays an extremely important role in induction of cardiac 
hypertrophy and congestive 7o7o7ohcart7o7o7o 7o%7ofailurc7c%7o (CHF). 
Therapeutic 

agents that modulate the Ang II- mediated signal transduction are 
effective 

in the 7o7o7otreatment7»7o7o of patients with CHF. Ang II receptors belong to 
a 

family of seven transmembrane G protein coupled receptors. Ang II 
receptors 

exist in cardiac tissue, on cell membranes of various types of ceils, 
including myocardial cells, sympathetic nerve endings, fibroblasts, 
coronary artery smooth muscle and endothelial cells. Two subtypes of Ang II 
receptors (ATinf 1, ATinf 2) have been cloned. Cardiovascular regulation is 
mediated largely by activation of ATinf 1 receptors. Intracellular 
transduction processes triggered by activation of ATinf 1 receptors involve 
divergent pathways, such as acceleration of PI hydrolysis through 
activation of PLCbeta by Gq and PLCgamma by tyrosine phosphorylation, and 
activation of various enzymes, which lead to (1) immediate alteration of 
activity of ion channels and ion exchangers, and intracellular 
alkalinization; and (2) long-term regulation of gene expression and protein 
synthesis that is responsible for cardiac hypertrophy and vascular and 
cardiac remodeling. ATinf 2 receptors regulate also various processes in 
cardiovascular cells, including growth inhibition, proapoptosis, cell 
differentiation, decrease in cellular matrix in the 7o7o7«heart7o7o7o, inhibition 
of cell proliferation, NO production and decrease in cardiac chronotropic 



effect. The Ang Il-mcdioted regulation of cardiac function and gene 
expression, and the characteristics of pharmacological agents that affect 
the Ang n-mediatcd signaling process arc reviewed in relation to the 
stote-of- thc-art of pharmacological therapy of CHF and perspectives of 
development of novel therapeutic agents for CHF. 
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Adenosine has several potentially cardioprotective effects including 
vasodilation, reduction in %%%heart7o%7o rote and alterations in metabolism. 
Adenosine inhibits catecholamine-induced increase in contractile function 
mainly through inhibition of phosphorylation of 7o7o%phospholamban%7o% 
(PLB), 

the main regulators protein of Casup 2 sup +-ATPase in sarcoplasmic 
reticulum (SR), and during ischemia it reduces calcium (Casup 2sup +) 
overload. In this study we examined the effects of endogenous adenosine on 
contractile function and metabolism during low-flow ischemia (LFI) and 
investigated whether endogenous adenosine can alter expression of the 
Casup 

2sup +- ATPase/PLB-system and other Casup 2sup +-regulatory proteins. 
Isolated blood-perfused piglet hearts underwent 120 mm 10% flow. Hearts 
were 7o7o7otrcated7o7t.7o with either saline, the adenosine receptor blocker 
(8)-sulfophenyl theophylline (8SPT, 300 mumol/l) or the nucleoside 
transport inhibitor draflazinc (1 mumol/l). During LFI, BSPTdid not 
substantially influence metabolic or functional responses. However, 
drof lazine enhanced the reduction in 7o7o7o heart 7o 70 7o rate, contractile force 
and MVOinf 2, with less release of Hsup * and COinf 2. Before LFI there 
were no significant differences between groups for any of the proteins 
(Casup 2sup *-ATPase, ryanodine- receptor, Nasup +/Ksup +-ATPase) or 
mRNAs 

(Casup 2sup +- ATPose, PLB, calsequestrin, Nasup +/Casup 2 sup +-cxchanger) 
measured. At end of LFI mRNA-level of PLB was higher in draflazine- 
7o7o7otreated7o7o7o hearts compared to both other groups (P < 0.01 vs both). 
Also, at end of LFI protein-level of Casup 2sup +-ATPase was tower in 
draf lazine- 7>7o7c,trcated7o7»7o hearts (P < 0.05 vs both), and a parallel trend 
towards a lower mRNA- level was seen (P = 0.11 vs saline and P = 0.43 vs 
8SPT). During LFI tissue Casup 2 sup * tended to rise in saline- and 8SPT- 
7o7o7otreated7o7o7o hearts but not in draf lazine- 7o7o7<.trcatcdyo7o7o hearts (at 
end of 

LFI, P = 0.01 vs 8SPT). We conclude that the amount of adenosine normally 
produced during LFI does not substantially influence function and 
metabolism However, increased endogenous levels by draf lazine enhance 
downregulatton of function and reduce signs of anocrobic metabolism. At end 
of LFI associated changes in expression of PLB and Casup 2sup +-ATPasc 
were 

seen. The functional significance was not determined in the present study. 
However, altered protein-levels might influence Casup 2sup +-handling in 
sarcoplasmic reticulum and thus affect contractile force and tolerance to 
ischemia. 
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Thyroid hormones may have important long-term effects on cellular Casup 
2sup + handling in the 7c7o7oheart7o7o7o. We investigated isolated adult rat 
cardiomyocytes in o primary culture exposed (Tinf 3 -cells) or not exposed 
to (control cells) lOsup -sup 8 M triiodothyronine (Tinf 3) for 48 h. 
Northern blot analysis revealed reciprocal alterations in the expression of 
SERCA2 and 7o7o7ophospholamban7o7o7o. The ratio of the 
SERCA2/7o7o7ophospholamban%%7o 

signal was - 10 times higher in the Tinf 3-cells as compared with the 
control cells (P < 0.05). 7o7o7oPhospholamban7o7<,7o protein content was 
significantly reduced by 337o but SR- Casup 2 sup +-ATPase protein content 
was 

not significantly altered in Tinf 3-cells. These results were associated 
with functional alterations measured by an inverted microscope equipped to 
monitor fluorescence at two excitation wavelengths as well as cell 
shortening by a video edge detection unit. The peak calcium transients as 
measured by fura-2 acetoxymethyl ester (AM) were increased significantly 
during stimulation at 0.25 and 0.5 Hz in Tinf 3-cells compared with control 
cells (P < 0.05). The monoexponential decline of the fura-2 transient was 
signif icontly faster at all frequencies in the Tinf 3-cells as compared 
with control cells (P < 0.05). Interesting, we observed blunted responses 
to both isoproterenol stimulation and post rest potentiation in the Tinf 
3-cells. The intracellular level of sodium as represented by SBFI-AM was 
significantly lower in the Tinf 3-cells compared with the control cells (P 
< 0.05). The increased SR- Casup 2 sup +-ATPase/7o7o7ophospholamban%7o7o 
ratio and 

decrease in 7o7o7ophospholamban7e>7o% protein content in Tinf 
3-%%7otreated7o7o7o 

cells was reflected in a parallel increase of contraction and calcium 
transients and more rapid Casup 2sup + reuptake, but the post-rest 
potentiation and response to isoproterenol were reduced. 
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In the present study, the underlying mechanisms for diobctic functional 
derangement and insulin effect on diabetic cardiomyopathy were 
investigated 

with respect to sarcoplasmic reticulum (SR) Casup 2sup ♦-ATPase and 
7«7o7*phospholamban7o7o7o at the transcriptional and translationa) levels. The 
maximal Casup 2sup + uptake and the affinity of Casup 2sup +-ATPase for 
Casup 2sup + were decreased in strcptozotocin-induced diabetic rat cardiac 
SR, however, even minimal amount of insulin could reverse both parameters. 
Levels of both mRNA and protein of 7o7o7ophospholamban7o7o7o were 
significantly 

increased in diabetic rat hearts, whereas the mRNA and protein levels of SR 
Casup 2sup +-ATPasc were significantly decreased. In case of 
7e7o7ophospholamban7o7o7o, insulin 7o7o7otreatmcnt7o7«7o reverses these 
parameters to 



normal levels. Minimal amount of insulin could reverse the protein levels; 
however, it could not reverse the mRNA level of SR Casup 2sup +-AT?ase at 
all. Thus, the decreased SR Casup 2sup ♦ uptake appear to be largely 
attributed to the decreased SR Casup 2sup +-ATPase level, which is further 
impaired due to the inhibition by the increased level of 
7o%7ophospholambon%%%. These results indicote that insulin is involved in 
the 

control of introccllutar Casup 2sup + in the cardiomyocytc through multiple 
target proteins via multiple mechanisms for the decrease in the mRNA for 
both SR Casup 2sup ♦-ATPose and %%%phospholamban7o%7o which are 
unknown and 
needs further study. 
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The advent of mouse genetic manipulation coupled with the development of 
miniaturized technology to characterize the obtained phenotypes have 
provided significant insights into the genetic mechanisms underlying 
cardiovascular function in health and 7o%7odiscasc7o7o7o. It is now obvious 
that 

alterations of the expression (decreased or increased) levels or function 
of a single gene, as outlined in this review, may result in cardiac 
hypertrophy and/or 7o7o7ofailurc7o7o7o. Thus, a number of '7o7o7oheart7o7o7<, 
7o7o7ofaiture7c.7t»7(. candidate genes' have been identified. However, 
characterization of their corresponding mouse phenotypes has indicated 
that 

there is a compensotory 'cross-talk' between a specific 'candidate gene' 
and various other genes, resulting in altered expression of multiple gene 
products, which may mask or contribute to the observed 7o%7oheart7o7o7o 
7o7o7ofailurc7«7o7o phenotype. Further studies using new advances in 
transgenic 

mouse technology, which allow for tissue-specific ablation or 
tissue-specific inducible expression of targeted gene products along with 
introduction of specific mutations in the gene of interest, hold promise 
for identifying a single or a cluster of 'candidate genes' for 7o7o%hcart7<,7o7o 
767o7ofailure%7t>%. Nevertheless, the rapid development and characterization 
of 

the various mouse models described in this article have provided meaningful 
new information on the molecular mechanisms underlying cardiac function 
and 

dysfunction. Furthermore, these models have lent valuable insights into 
genetic targets for 7o7o7otreatment7o7o7o of 7*7o7oheart7<,7o7o 
7o%7odiseasc7o%7o. As noted 

earlier, overex press ion of the beta2-adrenergic receptor or its kinase 
inhibitor, overexpresston of SR Casup 2sup +-ATPase, or downregulction of 
7o7o7ophospholamban7o7o7o expression may each result in improved 
contractility 

end this moy be beneficial for the 7o7c.7c.treatmcnt7o7o% of the failing 

7(1 %7o heart 7o7o%. In addition, the involvement of the calcineurin pathway in 

the 

cause/progression of 7o7o7oheQrt7o7<,% 7o7o7odisease7o7o7o will undoubtedly 
open new 

and unique avenues in the 7o7o7otrcatment%7o7o of 7o7(.7(,heart7<>7o% 
7o7o%failure7o%%. 

Thus, it is expected that further studies using genetically engineered 
mouse models will not only continue to advance our understanding of the 
genetic regulation of cardiac function and dysfunction, but will also 
provide valuable insights into the development of therapeutic approaches to 



7o%7ctreat7o7o7o %7o7oheort%7o7o %7o%failure7o7o%. 
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Congestive %7o7o heart 7o7o7o 7o7o7ofailure7<.7o7o is a significant clinical 
problem 

and leads to abnormalities in Casup 2sup + transients and to decreases in 
the level of the Casup 2sup + ATPase of the sarcoplasmic reticulum 
according to reports to some investigators. The Casup 2sup + ATPase of the 
sorcoplasmic reticulum (SERCA2) contributes in an important manner to 
diastolic Casup 2sup + lowering and relaxation of the 7(.7o7oheart7o7o7<.. To 
determine the contractile alterations resulting from increased SERCA2 
expression, we generated transgenic mice overexpressing a rot SERCA2 
transgene. In these mice, SERCA2 mRNA was increased 2.6-fold, the 
relative 

synthesis rote of SERCA2 protein 1.8-fold, and SERCA2 protein levels 
1.2-fold. Functional analysis of Casup 2sup + handling and contractile 
parameters in isolated cardioc myocytes indicated that the intracellular 
Casup 2sup + decline and myocyte relengthening were each accelerated by 
22-237o. In addition, studies in isolated papillary muscles showed that the 
time to half-maximal post-rest potentiotion was significantly shorter, 
hinting at an increased Casup 2sup ♦ loading of the sarcoplasmic reticulum. 
Furthermore, in vivo cardiac functional studies demonstrated a significant 
accelerated contraction and relaxation in SERCA2 transgenic mice. We also 
cloned a SERCA2 transgene and mutants of the %7o7(.phosphoiamban7o%7o 
gene into 

El deleted replication-deficient human adenovirus 5 viral vectors and 
infected cardiac myocytes. In the cardiac myocytes, endogenous SERCA2 
levels were decreased by PMA 7<.%7otreatment7o%7o. Infection of such 
myocytes 

with 0 SERCA2 expressing adenovirus could reconstitute the Casup 2sup * 
transient, and augmented oxalate facilitated SERCA2 Casup 2sup + uptake. 
In 

addition, 7(.7D7ophospholamban7o7o% mutants with changes of basic to acidic 
amino 

acids in the cytoplasmic domain increased SERCA2 activity by 30-357o. 
these 

findings, therefore, suggest that increased SERCA2 activity can be achieved 
by increasing SERCA2 levels or by expressing 7o7o7ophospholamban7o%7o 
mutants. 

Increased SERCA2 activity can lead to significant enhancements of Casup 
2sup + transients and myocardial contractility. 



4/7/50 (Item 7 from file: 73) 

DIALOG(R)Filc 73:EMBASE 

(c) 2003 Elsevier Science B.V. All rts. reserv. 

07341272 EMBASE No: 1998245552 

Remodeling of cardioc membranes during the development of congestive 
7o7o%heart7o7o7o 7o7o%f oi lure%7o7o 

Dholla N.S.; Shoo Q.; Panagio V. 

Dr. N.S. Dholla, Institute of Cardiovascular Sciences, St. Boniface Gen. 
Hosp. Res. Center, 351 Tache Avenue, Winnipeg, Man. R2H 2A6 Canada 
Heart Failure Reviews ( HEART FAIL. REV. ) (Netherlands) 1998, 2/4 
(261-272) 

CODEN: HFREF ISSN: 1382-4147 
DOCUMENT TYPE: Journal; Article 

LANGUAGE; ENGLISH SUMMARY LANGUAGE; ENGLISH 



NUMBER OF REFERENCES: 125 

Various proteins such as Casup 2sup + channels, Casup 2sup +-pump ATPase, 
Nosup Casup 2sup + exchanger, ond Nasup +-Ksup + ATPase in the 
sarcolemmal (SL) membrane are considered to be intimately involved in Casup 
2sup +-inf tux and Casup 2sup +-eff lux processes in the card iomyocyte. On 
the other hand, Casup 2sup *-pump ATPase. Casup 2sup +-release channels, 
Casup 2sup ^-regulatory protein (7oyo%phosphofamban%7o%), and Casup 2sup 
♦-binding protein (calsequestrin) in the sarcoplasmic reticulum (SR) are 
known to participate in raising and lowering the intracellular 
concentration of Casup 2sup + for the occurrence of cardiac contraction and 
relaxation processes. Therefore, a defect in any of the SL and SR proteins 
can be seen to result in Casup 2sup +-handling abnormalities in 
card io myocytes and subsequently in cardiac dysfunction during the 
development of 7o7c%hcart%%% %%%failurc%7c%. In this review, evidence is 
presented to show that changes in the expression of genes specific for 
cardiac membrane proteins may lead to remodeling of both SR and 5L 
membranes during the development of 7o%7o heart 7o%7<. 7o7o7<.failurc7o7e7o. 
Although a 

great deal of work on changes in gene expression for the SR membrane 
proteins has been carried out in the failing 7o7o7oheart7o7o7o, relatively little 
information regarding changes in gene expression for SL proteins has 
appeared in the literature. Prevention of remodeling of cardiac membranes 
by modification of changes in the gene expression is suggested to serve os 
an important target for the 7o7o7otreotment7o7o7o of 7o7o7o heart 7o7o7o 
7o7o7ofailurc7o7o7o. 
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Objective: Sarcoplasmic reticulum dysfunction moy contribute to calcium 
(Casup 2sup +) overload during myocardial reperfusion. The aim of this 
study was to investigate its rote in reperfusion injury. Methods: Open 
chest dogs undergoing 15 min of left anterior descending coronary artery 
occlusion and 3 h of reperfusion were randomized to intracoronary infusions 
of 0.97o saline, vehicle, or the Casup 2sup + channel antagonist, nifedipine 
(50 mug/mi n from 2 minutes before to 5 minutes after reperfusion). After 
each experiment, transmural myocardial biopsies were removed from 
ischemic/repcrfuscd and nonischemic myocardium in the beating state and 
analyzed for (i) sarcoplasmic reticulum protein content (Casup 2sup + 
ATPase, 7o7o7ophospholamban7(,%7o, and calsequcstrin) by immunoblotting and 
(ii) 

Casup 2sup + uptake by sarcoplasmic reticulum vesicles with and without 300 
micromolar ryanodine or the Casup 2sup + ATPase activator, 
antiphospholamban (2D12) antibody. Results: Contractile function did not 
recover in controls and vehicle-7o7o7otrcated7o7o7o dogs after ischemia and 
reperfusion (mean systolic shortening, -2 +/- 270), but completely recovered 
in nifedipine- 7o7o7otrcatcd7o7o7o dogs (17 +/- 27o, p = NS vs. baseline, p < 0.01 
vs. control). Ventricular fibrillation occurred in 507e of controls and 
vehicle dogs and 07o of nifedipine-7o7(.7otreated7«7<>7c dogs (p < 0.01). Casup 
2sup 

+ uptake by the sarcoplasmic reticulum vesicles was severely reduced in 
ischemic/reperfused myocardium of controls and vehicle dogs (p < 0.01 vs. 
nonischemic). Ryanodine and the 2D12 antibody improved, but did not 
reverse 

the low Casup 2sup ♦ uptake. Protein content was similar in 
ischemic/reperfused and nonischemic myocardium. In contrast, Casup 2sup + 
uptake and the responses to ryanodine and 2D12 antibody were normal in 
ischemic/reperfused myocardium from nifedipine-7o7o7otreated7o7o7o dogs. 



Conclusion: Dysfunction of the sarcoplasmic reticulum Casup 2sup + ATPase 
pump correlates with reperfusion injury. Reactivation of Casup 2sup + 
channels at reperfusion contributed to Casup 2sup + pump dysfunction. Casup 
2sup + pump injury may be a critical event in myocardial reperfusion 
injury. 
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The cGMP-mcdioted 7o7o7ophospholamban7o7o% phosphorylation was 
investigated in 

cordiomyocytcs in response to receptor-dependent (atrial natriuretic 
peptide, ANP) and -independent (sodium nitroprusside; SNP) cGMP 
generation. 

ANP (InM-lmuM) induced 7o7o7ophospholamban7o7o7o phosphorylation in a 
concentration-dependent fashion (EC$D5inf 0: 5.0 +/- 0.09 nM). 
Concomitantly, an elevation in cGMP levels was observed. 
7<,7o7oPhospholamban7o7o7o was also dose-depcndently phosphoryloted in 
response to 

SNP, but it required about three orders of mognitude higher concentrations 
(EC$D5inf 0: 2.9 +/- 0.03 muM) than ANP. %7o7oTreatmcnt%%% of the cells 
with 

8Br-cGMP (10 muM) or with the specific activator of cGMP-protein kinase 
8-pCPT-cGMP (1-100 muM) mimicked these effects. The results 
demonstrate for 

the first time that a ANP/cGMP signaling pathway exists in neonatal 
cardiomyocytes which may contribute to modulation of 7o7o7o heart 7o7»7o 
contractility. 
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To determine a role of phosphorylation of specific cardiac regulatory 
proteins in the positive inotropic effect of cndothelin-1, we examined 
phospt|brylation of sarcoplasmic reticulum and myofibrillar proteins in 
perfused beoting rat hearts 7o7o7otrcatcd7o7o7o with endothelin-1. In parallel 
experimehts, the effects of isoprcnalinc and phorbol-12,13-dibutyrate (PDB) 
on protein phBsphorylation were also tested. In sup 3 sup 2 P(i)- labeled 
hearts, perfusionjwith isoprenalinc (100 nM) caused 4.4- and 10.4-fold 
increases in the degree of phosphorylation of 7c.7*%phospholamban7o7o7o in 
sarcoplasmic reticulum.and of troponin I in myofibrils, respectively. In 
contrast, neither cndothclih-I (100 nM) nor PDB (muM) significantly changed 
the phosphorylation state of these proteins. These findings provide 
evidence that phosphorylation of major cardiac regulatory proteins is not 



responsible for the positive inotropic action of cndothclin-1. 
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The effects of beta and olpho-adrencrgic stimulation in amphibian 
superfuscd hearts and ventricular strips were studied. Superfusion with 3 x 
lOsup -sup 8 M isoproterenol produced a positive inotropic effect, as 
detected by a 92 +/- 24% increase in the maximal rate of contraction (+T) 
and a positive lusitropic effect characterized by a decrease in both the 
ratio +T/-T (23 ♦/- 5%) and the half relaxation time (t(l/2)) (19 +/- 4%). 
The mechanical behavior induced by the beta-agonist was associated With 
an 

increase in the intracellular cAMP levels from control values of 173 +/- 19 
to 329 +/- 28 nmol/mg wet tissue. Hearts superfused with sup 3sup 2P in 
the 

presence of isoproterenol showed a significant increase in Tn 1 
phosphorylation (from 151 +/- 13 to 240 +/- 44 pmol sup 3sup 2P/mg MF 
protein) without consistent changes in phosphorylation of C-protein. In 
sarcoplasmic reticulum membrane vesicles, no %%%phosphotamban%%yo 
phosphorylation was detected either by beta-adrenergic stimulation of 
superfused hearts or when phosphorylation conditions were optimized by 
direct %%%treatment7o7o% of the vesicles with cAMP-dependent protein 
kinase 

(PKA)and (y sup 3sup 2P) ATP. The effect of alpha-odrcnergic stimulation 
on ventricular strips wos studied at 30 and 22degreeC. At 30degrecC, the 
effects of lOsup - sup 5 to lOsup -sup 4M phenylephrine on myocardial 
contraction and relaxation were diminished to non significant levels by 
addition of propranolol. At 22degrecC, blockage with propranolol left a 
remanent positive inotropic effect (107o of the total effect of 
phenylephrine) and changed the phenylephrine-induced positive lusitropic 
effect into a negative lusitropic action. These pro pro nolo I -resistant 
effects were abolished by prazosin. Our results suggest that in amphibian 
%7o%hcart7o%%, both the inotropic and lusitropic responses to 
catecholamines 

are mainly due to a beta-adrenergic stimulation which predominates over the 
alpha -adrenergic response. 7o7o7oPhospholamban7o7<»7o phosphorylation seems 
not to 

be involved in mediating the positive lusitropic effect of beta- adrenergic 
agents whereas phosphorylation of troponin I may play a critical role. 
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Previous studies from our laboratory have indicated that chlordecone 
(Kepone ((R)), CD), an organochlorinc insecticide, inhibited CQr6\Qc sodium 



pump activity and catecholamine uptake suggesting that CD may interfere 
with cardiac function. Sarcoplasmic reticulum (SR) calcium pump has on 
important role in myocardial contraction and relaxation, besides Nasup + 
transport. Since CD interferes with cardiac Nasup + ion tronslocoses, we 
have studied CD effects on cardiac SR calcium pump activity. Experiments 
were carried out both in vitro and in vivo. SR was isolated from 
7o7(.7o heart 7<,7o7o ventricles of male Spraguc-Dawley rots. Car6\<xc SR Casup 
2sup 

+-ATPase, sup 4sup 5Ca-uptake and cAMP as well as calmodulin (CaM) 
dependent protein phosphorylation were measured. Casup 2sup *-K\?asz was 
differentiated into low affinity and high affinity forms by measuring the 
activity using 50 and 0.7 muM free Casup 2sup ♦ respectively. CD in vitro 
inhibited sup 4sup 5Ca-uptake by SR in a concentration dependent manner 
with an IC50 value of 7 muM and SR sup 4sup 5Ca-uptake was totally 
inhibited at 20-30 muM CD. In agreement with this, both high affinity and 
low affinity Casup 2sup +-ATPases, which are involved in Casup 2sup + 
transport across membranes, were also inhibited by CD in a concentration 
dependent manner with IC50 values of 0.7 and 3.2 muM respectively. Both 
Casup 2sup +-ATPase and sup 4sup 5Ca-uptakc by cardiac SR were 
significantly lower in rats 7o7o7otreated7<,7o7o with CD (25, 50 or 75 mg/kg) 
when 

compared to control rats. cA MP as well as CaM significantly elevated the 
sup 3sup 2P-binding to SR proteins in vitro to about 70-807o. In the 
presence of CD, this sup 3sup 2P-binding was reduced, however, not 
concentration dependent. In agreement with in vitro studies, sup 3sup 
2P-bound to proteins was significantly towered in rats 7o7o7otreated7o7o% 
with 

CD. SDS-polyacrylamide gel electrophoresis of the cardiac SR revealed the 
presence of at least 30 comassie blue-stainable bands with mobilities 
corresponding to molecular weights ranging from 9 to 120 kDa using 157o 
acrylamide gels. Autoradiographs from samples incubated in the presence of 
cAMP or CaM indicated sup 3sup 2P-incorporation in 7 bands. Of these, 
bands 

corresponding to about 24 kDa and adjacent lower molecular weights 
decreased in their intensity by CD in vitro as well as in vivo. These 
results indicate that CD 7o7o7otreatment7o7o7o may be reducing SR calcium 
transport mechanisms by altering phosphorylation of a number of proteins 
including 7o7o7ophospholamban7o7o7o in rat cardiac SR. 
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The incorporation of (sup 3sup 2P)inorganic phosphate into membranous, 
myofibrillar, ond cytosolic proteins was studied in Longendorff -perfused 
guinea pig hearts 7o7o7otreated7<>7o% with phorbol 12-myristate 13 -acetate 
(PMA) 

or 1,2-dioctanoylgtycerol (D8G), which arc potent activators of protein 
kinase C. Control hearts were perfused with on inactive phorbol ester 
(4a!pha-phorbol 12,13-didecanoatc), which does not cause activation of 
protein kinase C. To ensure the blockade of different receptor systems, the 
perfusions were carried out in the presence of prazosin, propranolol, and 
atropine. Perfusion of hearts with either PMA (4 muM) or DBG (200 muM) 
was 

associated with a negative effect on left ventricular inotropy and 
relaxation. Examination of the sup 3sup 2P incorporation into various 
fractions revealed that there were no increases in the degree of 
phosphorylation of 7o7o7ophospholamban7o7e,7o in sarcoplasmic reticulum, and 
troponin I and C protein in the myofibrils, although these proteins were 
found to be substrates for protein kinase C in vitro. However, in the same 
hearts, there were significant changes in the sup 3sup 2P incorporation 
into a 28-kDa cytosolic protein. Examination of the activity levels of 
protein kinase C in hearts perfused with PMA indicated a redistribution of 



this activity from the cytosolic to the membrane fraction, suggesting the 
activation of the enzyme in vivo. These findings indicate that regulatory 
phosp ho proteins, which may be phosphorylated by protein kinase C in vitro, 
are not substrates for protein kinase C in beating hearts perfused with 
phorbol esters or diocylglycerol analogues. 
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The sarcoplasmic reticulum (SR) and the contractile protein myosin play 
an important role in myocardial perfomance. Both of these systems exhibit 
plasticity - i.e., quantitative and/or qualitative reorganization during 
development and in response to stress. Recent studies indicate that SR 
Casup 2 sup + Uptake function is altered in adaptive cardiac hypertrophy and 
7o7oVofailurc7o7o%. The molecular basis (genetic and phenotypic) for these 
changes is not understood. In an effort to determine the underlying causes 
of these changes, we charocterized the rabbit ttrdxac Casup 2sup +-ATPasc 
phenotype by molecular cloning and ribonuclcasc A mapping analysis. Our 
results show that the 7o7o7oheart7o7o7, muscle expresses only the 
slow-twitch SR 

Casup 2sup +-ATPase isoform. Second, we quantitated the steady-state 
mRNA 

levels of two major SR Casup 2sup + regulatory proteins, the Casup 2sup 
+-ATPase and 7*7o7ophospholamban7o7o7o, to see whether changes in mRNA 
content 

might provide insight into the basis for functional modification in the SR 
of hypertrophicd hearts. In response to pressure overload hypertrophy, the 
relative level of the slow-twitch/cardiac SR Casup 2sup +-ATPasc mRNA was 
decreased to 347o of control at 1 week. The relative Casup 2sup +-ATPase 
mRNA level increased to 1677o of control after 3 days of 
7o7o7otreatment7<,%7o 

with thyroid hormone. In contrast, in hypothyroid animals, the relative 
Casup 2sup +-ATPase mRNA level decreased to 51% of control at 2 weeks. 
The 

relative level of 7o7o7,phospholamban7o7o7<, mRNA was decreased to 367o in 
1-week 

pressure overload. Hyperthyroidism induced a decrease to 61 7o in the 
7o7o7ophospholamban7o7o7o mRNA level after 3 days of 7o7o%treatment7o7o%, 
while 

hypothyroidism has virtually no effect on 7o7o7t,phospholamban7o7o7o mRNA 
levels. 

These data indicate that the expression of SR Casup 2sup +-ATPase and 
7<,7o7ophospholamban7o7,7o mRNA may not be coordinotely regulated during 
myocardial adaptation to different physiological conditions. 
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Boy K 8544 typifies a number of drugs known to act directly on 
voltage-dependent calcium channels to increase calcium current. Such 
effects probably underly the drug's positive inotropic action and smooth 
muscle stimulation. Although the effects of this compound on myocardial 
contractility hove been extensively described, its action upon myocardial 
relaxotion is not well established. Either no changes or a prolongation in 
ventricular relaxation have been mentioned. On the other hand, during the 
course of other experiments performed in our laboratory with the perfused 
rat 7o7o7oheart7«7o7o (unpublished results), we observed that Bay K 8644 
elicits 

a moderate but consistent relaxant effect. The present work was 
undertaken 

in an attempt to clarify the effect of Bay K 8644 upon myocardial 
relaxation. Evidence wilt be presented showing that in the perfused rat 
7o7o7oheart7o7e7o, the positive inotropic action of Bay K 8644 occurs together 
with Q prolongation of the contraction time (TTP) without changes in time 
to half relaxation (tl/2). However, on enhancement of ventricular 
relaxation was detected by the proportional greater increase in maximal 
velocity of relaxation (-T.) with respect to maximal velocity of 
contraction (+T.) and the shortening of the time constant of relaxation 
(tau). These actions occur associated with a significant increase in cAMP 
levels and 7o7o7ophospholamban7e7«,7o phosphorylation. Either the relaxant 
effect 

as well as the increments in cAMP and 7o7o7ophospholamban7o7o7o 
phosphorylation 

were abolished when the hearts were depleted of norepinephrine by previous 
7o767otreatment7<,7e7o with reserpine. Depletion of norepinephrine stores also 
decreases the positive inotropic effect of the drug. These results strongly 
suggest that Boy K 8644, besides its direct action upon the myocardial 
cell, evokes a release of neurotransmitter norepinephrine from sympathetic 
nerve terminals of the 7o7o7o heart 7(,7o7o. This release may partially account 
for 

the inotropic action of the drug and fully explain the relaxant effect 
elicited by this compound in the perfused rot 7o7o7oheart7o7*7o. 
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7o7o7«Treatment7o7o7o of cardiac sarcoplasmic reticulum with the 
crosslinking 

reagent dithiobis (succinimidyl propionate) in the presence of sup Isup 
2sup 5I-calmodulin, resulted in the formation of a 40,000-dalton affinity 
labeled component, consisting of a 1;1, 7*7o7ophospholamban7o7e7o; sup Isup 
2sup 

5I-calmodulin complex. In parallel experiments, sarcoplasmic reticulum was 
phosphorylated in the presence of calmodulin and (gamma-sup 3sup 2P)ATP, 
and then 7o767otreated7o7o7o with the crosslinking reagent to produce on 
affinity 

labeled component consisting of a 1;1, calmodulin: sup 3sup 2P- 
7o7o7ophospholamban7o7o7o complex. These experiments permitted 
determination of 

the amount of sup Isup 2sup 51 and sup 3sup 2P incorporated into the 
40,000-dolton complexes, as well as the amount of sup 3sup 2P incorporated 
into the 2 3, 000 -do I ton form of 7o7o7ophospholamban7,7o7o. If 1 mol of Casup 
2sup 

+-dependent ATPase phosphoprotein represents 1 mol of 100 ,000 -da I ton 
Casup 



2sup -t-dcpcndent AlPase monomer, then there arc 4.88 +/- 1.33 mol Casup 
2sup +-depcndcnt ATPasc/mol of phospholamba. If there arc 2 mol of Cosup 
2sup *-dependcnt ATPase phosphoprotein/mol of 100,000-da)ton Casup 2sup 
♦-dependent ATPase monomer, then there ore 9.76 +/- 2.66 mol Casup 2sup 
♦-dependent ATPose/mol %%%phospholamban%%7«. 
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Identification of an endogenous protein kinase C activity and its 
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The cardiac scrcolemmol 15-kDa protein, previously shown to be the 
principal sarcolemmal substrote phosphorylated in intact 7o7o7ohcart7o7o% in 
response to beta-adrenergic stimulation, was demonstrated to be the major 
substrate phosphorylated in purified canine cardiac sarcolemmal vesicles by 
an intrinsic protein kinase C activity. The intrinsic protein kinase C, 
detected by its ability to phosphorylote HI histones, was most concentrated 
in cardiac sarcolemmal vesicles and absent from sarcoplasmic reticulum 
membranes. Unmasking techniques localized the intrinsic protein kinase 
activity and its principal endogenous substrate, the 15-kDa protein, to the 
cytoplasmic surfaces of sarcolemmal vesicles; 7*7o7ophospholamban7«7o7o 
contaminating the sarcolemmal preparation was not significantly 
phosphorylated. The intrinsic protein kinase C required micromolar Casup 
2sup + for activity, but not calmodulin. Half-maxima! phosphorylation of 
the 15-kDa protein occurred at 10 muM Casup 2sup +; optimal 
phosphorylation 

of the 15-kDa protein by protein kinase C and Casup 2sup + was additive to 
that produced by cAMP-dependent protein kinase. Exogenous phospholipids 
were not required to act i vote endogenous protein kinase C. However, heat- 
7c,7o7otreated7o7o7c. sarcolemmal vesicles, in which intrinsic protein kinase 
activities were inactivated, were sufficient to maximally activate soluble 
protein kinase C prepared from rat brain, suggesting that all the necessary 
phospholipid cof actors were already present in sarcolemmal vesicles. Of the 
many proteins present in sarcolemmal vesicles, only the 15-kDa protein was 
phosphorylated significantly in heat -inactivated sarcolemmal vesicles by 
soluble protein kinase C, confirming that the 15-kDa protein was a 
preferential substrate for this enzyme.' Consistent with a protein kinase C 
activity in sarcolemmal vesicles, the tumor-promoting phorbol ester 
12-0-tetradecanoylphorbol 13-acetate stimulated 15-kDa protein 
phosphorylation severalfold, producing approximately 707o of the maximal 
phosphorylation even in the absence of significant ionized Casup 2sup +. 
The results are compatible with an intrinsic protein kinase C activity in 
sarcolemmal vesicles whose major substrate is the 15-kDa protein. 
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Cardiac sarcolcmmo was purified from canine ventricles. Enrichment of the 
sarcolemmal membranes was demonstrated by the high (Nasup + + Ksup 



+)-ATPase activity of 28.0 +/- 1.5 mumol P(i)/mg protein per h and the high 
concentration of muscarinic receptors with the B(max) of 8.2 +/- 2.5 
pmol/mg protein as determined by (sup 3H)QNB binding. The purified 
sarcolemma also contains significant levels of a membrane- bound Casup 2sup 
+ and phospholipid-dcpendent protein kinase (protein kinase C). To 
elucidate the protein kinase C activity in sarcolemma, a prior incubation 
of the membranes with EGTA and Triton X-100 was necessary. The specific 
activity of protein kinase C was found to be 131.4 pmol P(i)/mg per min, in 
the presence of 6.25 mug phosphotidylserine and 0.5 mM CaClinf 2. 
7o7o7oTreatment7o7o7o of sarcolemma with 12-0-tetradecanoylphorbol 
13 -acetate 

(TPA) end phorbol 12,13-dibutyrate (PBuinf 2) resulted in a 
concentration-dependent activation of protein kinase C activity. The effect 
of TPA and PBuinf 2 on protein kinase C in sarcolemma was independent of 
exogenous Casup 2sup * and phosphotidylserine. Polymyxin B inhibited 
phorbol-ester-induccd activation of protein kinase C activity. The 
distribution of protein kinase C in the cytosolic f roction was also 
examined. The specific activity of the kinase in the cytosolic fraction was 
59.7 pmol P(i)/mg per min. However, the total protein kinase C activity in 
the cytosol was 213500 pmol P(i)/min, compared to that of 1025 pmol 
P(i)/min in the sarcolemma isolated from approx. 100 g of canine 
ventricular muscle. Several endogenous proteins in cardiac sarcolemma were 
phosphorylated in the presence of Casup 2sup + and phosphotidylserine. The 
mojor substrates for protein kinase C were proteins of M(r) 94000, 87000, 
78000, 51000, 46000, 11500 and 10000. Most of these substrate proteins 
have 

not been identified before. Other proteins of M(r) 38000, 31000 and 15000 
were markedly phosphorylated in the presence of Casup 2sup + only. 
Phosphorylation of 7,7c7ophospholamban7o7o7o (M(r) 27000 and 11000) was 
also 

stimulated in the presence of Casup 2sup + and phosphotidylserine, but the 
low M(r) form of 7o7o7ophospholamban7*7o7o was distinct from two other low 
M(r) 

substrate proteins for protein kinase C. Polymyxin B was more selective in 
inhibiting the protein kinase C dependent phosphorylation. On the other 
hand, trifluoperazine selectively inhibited the phosphorylation of 
7o7o7ophospholamban7o7o7o and an M{r) 150000 protein. Although the exact 
function 

of this kinase is unknown, based on these observation, we believe that 
protein kinase C in the cardioc sarcolemma may play on important role in 
the ccll-surface-signat regulated card'tcc function. 
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Canine cardiac sarcoplasmic reticulum is phosphorylated by cyclic 
AMP-dependent and by Casup 2sup +-colmodulin-dependent protein kinase on 
a 

22 kDo protein, called 7o7o7ophospholamban7o7o7o. Both types of 
phosphorylation 

have been shown to stimulate the initial rates of Casup 2sup + tronsport. 
To establish the interrelationship of the cAMP-dependent and Casup 2sup 
+-calmodulin-dcpendcnt phosphorylation on Casup 2sup + transport, cardiac 
sarcoplasmic reticulum vesicles were preincubated under optimum conditions 
for: (a) cAMP-dependent phosphorylation, (b) Casup 2sup 
+-calmodulin-dependent phosphorylation, and (c) combined cAMP-dependcnt 
and 

Casup 2sup +-caImodul in-dependent phosphorylation. Control vesicles were 
7o%7otrcated7o7o7o under identical conditions, but in the absence of ATP, to 
avoid phosphorylation. Control and phosphorylated sarcoplasmic reticulum 
vesicles were subsequently centrifuged and assayed for Casup 2sup + 



transport in the presence of 2.5 mM Tris-oxalote. Our results indicate that 
cAMP-dcpendent and Casup 2sup ♦-calmodulin-dependent phosphorylation 
can 

each stimulate calcium transport in an independent manner and when both 
are 

operating, they appear to have an additive effect. Stimulation of Casup 
2sup + transport was associated with a statistically significant increase 
in the apparent affinity for calcium by each type of phosphorylation. The 
degree of stimulation of the calcium affinity wos relatively proportional 
to the degree of 7<,%%phospholamban7o7o% phosphorylation. These findings 
suggest the presence of a dual control system which may operate in 
independent and combined manners for regulating cardiac sarcoplasmic 
reticulum function. 
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Calcium transport by cardiac sarcoplasmic reticulum (SR) was compared in 
hyperthyroid (HT) and euthyroid (ET) rots. Both Casup 2sup + uptake (97 +/- 
3.1 nmol/mg per min in HT vs. 63 +/- 2.9 nmol/mg per min in ET, P < 0.01) 
and Casup 2sup +-stimulated ATPasc activity (61 +/- 4.1 vs. 37 +/- 1.6 
nmol/ P(i)/mg per min, P < 0.01) were higher in the 
t hyroxi ne- %%7etreated%%% 

animals. These changes were accompanied by enhanced cyclic 
AMP-dcpendent 

phosphorylation of cardiac SR in hyperthyroid rats (180 +/- 4.3 pmol 
P(i)/mg per min vs. 117 +/- 4.2 pmol P(i)/mg per min, P < 0.01). SDS 
polyacrylamide gel electrophoresis of cardiac SR showed that 
phosphorylation of a 22,000-dalton protein (7o%7ophospholamban%%%) 
primarily 

accounted for the differences between the 2 groups. There was no 
difference 

in the rate of SR dephosphorylation by endogenous phosphoprotein 
phosphatase between HTand ET rots. Differences in cyclic AMP-dependent 
phosphorylation between the 2 groups were blunted in the presence of 
excess 

exogenous cyclic AMP-dependcnt protein kinase. These results suggest that 
increased levels or activity of endogenous cyclic AMP-dependent protein 
kinases may partially explain enhanced calcium transport by the cardiac SR 
of hyperthyroid animals. 
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ABSTRACT; This review surveys a wide range of cellular and molecular 
approaches to strengthening the injured or weakened 7o7o7o heart 7o7o7o, 
focusing 



on strategies to replace dysfunctional, necrotic, or apoptotic 
cardiomyocytes with new cells of mesodermal origin. A variety of cell 
types, including myogenic cell lines, adult skeletal myoblasts, 
immortalized atrial cells, embryonic and adult cardiomyocytes, embryonic 
stem cells, teratoma cells, genetically altered fibroblasts, smooth muscle 
cells, and bone marrow-derived cells have all been proposed as useful cells 
in cardiac repair and may have the capacity to perform cardiac work. We 
focus on the implantation of mcsodermolly derived cells, the best developed 
of the options. We review the developmental and cell biology that have 
stimulated these studies, examine the limitations of current knowledge, and 
identify challenges for the future, which we believe are considerable. With 
permission, from the Annual Review of Physiology, Volume 61, 1999, by 
Annual Reviews Inc. (http://www.annurev.org ). 

TEXT: 

KEY WORDS; skeletal muscle, cardiomyocytes, cell transplantation, 
cardiac regeneration, tronsdifferentration 

INTRODUCTION 
Techniques that introduce new myogenic cells into the 7o7o7oheart7o7o7o, 
induce 

the replication of myocardial cells in situ, or allow cells resident in the 
7o7o7oheart7o7o7o to convert to a myogenic phenotype have great potential for 
7o7oyotreating7o7»7o 7o7o7oheart7<,7o7o 7o7<,7<,failure7o7o7o and cardiomyopathy. 
The ultimate 

goal of this work is to repair, replace, or enhance the biological function 
of damaged cells in order to strengthen the weakened 7o7o7oheart7o7o7o. Cell 
implantation may also provide a "platform" for the stable local delivery of 
recombinant proteins. 

These studies have been an active area of investigation since the 
introduction of exogenous cells in canine 7o7<,7o heart 7o7o7o was first reported 
(1). These investigators demonstrated the successful grafting and 
subsequent myodif ferentiation of autologous canine myoblasts (satellite 
cells) in canine cryoinjury (1, 2). Subsequent investigations utilized 
immortalized myogenic cells in rodents (3-5). A concern that skeletal 
muscle cells could not appropriately communicate with the underlying 
myocardium (a matter of some controversy) led to an extension of this 
approach to fetal cardiomyocyte grafts, which form intercalated disks and 
gap junctions with native myocardium (6, 7). 

Alternate approaches to generating cardiac substitutes have utilized 
immortalized atrial cell lines (8), and genetically selected embryonic stem 
cells (9). Alternative cell sources have been considered, including smooth 
muscle cells, bone marrow-derived cells, and embryonal carcinoma cells 
(10-13). Other strategics have focused on inducing undamaged 
cardiomyocytes 

to replicate or identify "cardiogenic master genes" that might program a 
cell present in the 7<,7o7o heart 7o7o7o (fibroblasts, smooth muscle, or 
endothelial 

cells) or grafted cells (e.g. fibroblasts or myoblasts) to convert into 
cardiomyocytes. The goal of each of these interventions is to generate a 
cell that can perform cardiac work, respond appropriately to adjacent 
cardiomyocytes and nonmyocytc cells, and exhibit a favorable response to 
physiological and pathophysiological stimuli. Successful cardiac tissue 
engineering would provide a valuable alternative therapy for end-stage 
7c7o7oheart7<,7o7o 7o7o7ofailure7o7o7o (reviewed in 14). 

CONGESTIVE 7c7o7<,HEART7o%7o 7o7o7e FAILURE 7o%7o 
Why develop cell transplantation for 7o7<.7o heart 7o7o7o 7o7o7cdiseasc7c7o7o? 
Loss and 

dysfunction of cardiomyocytes arc characteristics of chronic 
7o%7<,heart7c7o7o 

7o7c%disease7o7c7o, including ischemic 7o7o7ohcart%7o7<. 7o7o7odiseasc7o7o%, 
hypertensive 

7o7o7o heart 7o7o7o 7(.7o7odisease7o7o7«, and idiopathic cardiomyopathy. These 
deficits in 

cardiomycyte number lead to %7o7oheart7«7o7<, 7o7o7<,failure7o7<.7o, which is a 
consequence of cither primary or secondary irreversible cell loss. The 
molecular basis for the syndrome of congestive 7o7o7ohcart7o7o7o 
7o%%failure7o7o% is 

a lack of stem cells in the 7o7g7o heart 7o 7*7* and the inability of the damaged 
7<,7o7oheart7o7<,7o cells to undergo repair or divide (15-17). Cell transplantation 
strategies have been designed to replace damaged cells with cells that can 
perform cardiac work. 

There is a pressing need for novel therapies to 7o7o7otreat7(.%7o 



%%7ohcart%7o% %%%failure7o%% (18). This condition affects an estimated 
4.8 

million Americans, and 400,000 new cases are diagnosed each year. The use 
of angiotcnsin-convcrting enzyme inhibitors and of beta-adrenergic blockers 
has improved survival in these patients (19-21). Additionally, new 
mcchanicol-asstst devices, experimental surgical procedures, and 
xenotransplantation approoches are currently being developed (22-25), yet 
mortality remains high, with greater than 50[perccnt] of all patients 
succumbing within 5 years of initial diagnosis (26). The utility of cardiac 
transplantation is limited by a shortage of donor hearts, the complications 
of immunosuppression, and the 7o%%failurc7o7o% of grafted organs. The idea 
of 

transplanting single cells instead of entire organs has a number of 
attractive attributes and is dependent on an ever-expanding understanding 
of the molecular basis of skeletal myogenesis and early events in 
cardiogencsis, which are briefly reviewed below. 

DEVELOPMENTAL AND CELL BIOLOGY 
STEM CELLS 

Mammalian embryos consist of pluripotcnt cells that have the capacity to 
form an entire organism. This capability of forming multiple cell lineages 
becomes progressively restricted with development, through a process 
known 

OS determination. Determined stem cells give rise to cells of a specific 
lineage (e.g. pluripotent hematopoetic progenitor cells give rise to 
various blood lineages), whereas committed progenitor cells (e.g. myoblasts 
or embryonic card io myocytes) have a more limited fate. The subsequent 
differentiation of committed celts can occur autonomously, without 
environmental influence. 

Vertebrates respond to injury though activation of committed 
progenitor cells or stem cells (e.g. bone marrow) or through proliferation 
of differentiated cells (liver or endothelial cells) (reviewed in 27, 28). 
In skeletal muscle, committed progenitor cells (adult myoblasts, satellite 
cells) located below the basal lamina arc induced to proliferate in 
response to injury (29). Skeletal muscle development or repair occurs along 
an orderly pathway, with commitment of stem cells to myogenic lineage 
(myoblasts), proliferation of myoblasts, and fusion of myoblasts to form 
myotubes. In the mammalian 7o7o7o heart 7o7o7o, a population of self -renewing 
cells 

(stem cells) is not present, and there is compelling evidence that the 
proliferative capacity of adult cardiomyocytes is limited (15, 16, 30), 
although dissenting views have been presented (31). Following injury or 
infarction, there is no evidence of DNA synthesis (15). In contrast, 
regeneration of 7o7o 7c, heart 7o7o7o tissue docs occur in the amphibian oxolotl 
(see 

section on urodele amphibians below) (32, 33). 

SKELETAL MYOGENESIS 
Despite the obvious similarity of cardiac and skeletal muscle, both being 
striated muscle, there are fundamental differences between the two types 
of 

tissues, including morphology, mechanism of excitation-contraction 
coupling, embryological origin, and response to injury. Skeletal myogenesis 
involves octivation of muscle-specific gene expression and withdrawal from 
the cell cycle. Although proliferation and differentiation are mutually 
exclusive in skeletal myocytes, differentiated cardiomyocytes can 
proliferate up to birth (30). 

The idea that a master regulator controls skeletal muscle myogenesis 
has its origin in the work of Holzcr and coworkers (34-36). They observed 
that the nucleoside analogue bromodeoxyuridine (BrdU) reversibly inhibited 
myogenesis in vitro. The muscle differentiation gene myoD was identified by 
5-azacytidine-induced hypomcthylation experiments as the target that 
bound 

BrdU (37, 38) and has ted to the identification of the family of myogenic 
determination factor(s). Forced expression of members of this family has 
led to the activation of myogenesis in fibroblasts, chondrocytes, and 
mesenchymal stem cells (e.g. C3H10T1/2). This effect was able to cross 
embryonic borders; The ectopic expression of myogenic determination 
factor(s) in cells of ectodermal retinal pigment epithelial cells, 
kcratinocytes (39) or endodermal lineage liver cells (40) led to 
differentiation into skeletal muscle. Similarly, conversion of nonmyogenic 
cells to a myogenic phenotypc occurred following the expression of the 
transcription factor MEP2A, or of the 3' untranslated region of muscle 
tropomysin (41, 42). Additionally, coculture of fibroblasts with the 



myogenic cells leads to conversion of fibroblasts into differentiated cells 
(43). The identification of factors that direct cells to a skeletal muscle 
phenotype has demonstrated a high degree of plasticity In differentiated 
cells that had been previously unappreciated and leads to the possibility 
that a similar strategy might be adopted to convert nonmyocyte cells into 
cardiomyocytes. However, BrdU does not inhibit cardiac differentiation, and 
not suprisingly, attempts to Identify a myoD homologue in 7o7o7»heart7o7<.7o 
have 

not been successful (44). 

FORMATION OF THE VERTEBRATE %7o7oHEART7o7o% 
The components of the circulatory system, 7o7o7<,heart7o7o7o, blood vessels, 
and 

blood cells are all of mesodermal origin. The formation of the 
7e7o7eheart%7o7o 

consists of two stages: (a) specification and differentiation of 
cardiomyocytes, and (b) formation of a mature, four-chambered 
7o7o7oheart7o7o% 

(morphogenesis). Readers should consult these excellent reviews for further 
details (45-48). 

Cardiogencsis involves complex Interactions with growth factors, 
intrinsic and extrinsic signaling molecules, and the cellular matrix. The 
primitive 7o7*7ohcart7o7o7o tube develops from two clusters of mesodermal 
cells 

(anterior lateral plate mesoderm) that are organized in a bilaterally 
symmetric fashion as precardiac mesoderm in the gostruta stage (49). The 
endothelium of the 7o7o7o heart 7o7o7« Is derived from a distinct population of 
cells, at the edge of the two cardiac fields (50). These precardiac fields 
arc brought together in the midline after gastrulation to form a 
two- layered 7o7o7o heart 7o7o7o tube with endocardial and myocardial layers. 
Mesodermal populations that give rise to the primitive 7o7o7o heart 7o7o 7c, 

are 

influenced by inductive factors secreted by anterior endodcrm. In 
Drosophila, mutations in a transforming growth factor (TGF)-b/bone 
morphogcnic protein (BMP)-likc molecule (decaplentoplegic) or the 
fibroblast growth factor (FGF) receptor (heartless) arc associated with an 
absence of the dorsal vessel, the 7o7o7ohcart7o7o7<, homologue (51, 52). 
Similarly, mutations in tinman, a homeobox gene, also lead to absence of 
the dorsal vessel (53). The anterior mesoderm in chicken gastrulo-stagc 
embryos undergoes cardiac differentiation following exposure to the TGF-b 
family members BMP-2 and BMP-4 (54), and posterior mesoderm (which is 
not 

normally cardiogenic) can be converted to cardiogenic materia! by the 
combination of BMP2 and FGP4 (55). Although the precise signals and 
receptors have not been identified in most of these systems, these studies 
stress the role of instructive stimuli derived from the endoderm in the 
specification of cells that form the %7o7o heart 7o7o7o or define the 
dorsal-ventral coordinates of the cells that give rise to the 7o7o7ohcart7o7o7o. 

The zinc-finger transcription factors GATA-4 and Nkx2.5, a vertebrate 
homologue of tinman, are both expressed in early cardiac progenitor cells 
(56, 57) and con induce the expression of cardiac genes. Neither of these 
transcription factors functions like the basic helix-loop-helix myogenic 
regulator, MyoD, to induce cardiogencsis. Ectopic expression of Nkx2.5 in 
murine embryonic mesenchymal cells (C3H10T1/2) docs not lead to cardiac 
specification and cardiogencsis (58). Forced expression of Nkx2.5 in 
Xcnopus and zebraf ish embryos produces an increase in cell number in the 
developing 7o7o7oheart7o7o7o and 7oyo7oheart7c7o7o size (59), and the activation 
of 

myosin heavy chain expression in ectopic cells has also been observed in 
zebraf ish (60). Similarly, overcxpression of the homeobox gene ladybird 
causes the hyperplasia of dorsal vessel precursors in Drosophila (61). 
Targeted disruption of Nkx-2.5 in mice and mutations In humans suggest 
partial redundancy within the Nk gene family (62, 63), further Indicating 
that other members of the family may be identical to Drosophila tinman 
(64-66), responsible for the initial commitment to the cardiac lineage. 
Despite expression of 6ATA-4 in early cardiogenic regions, mice that 
contain a homozygous inactivation of this gene contain differentiated 
cardiomyocytes (67, 68). Similar genetic strategies in mice have led to the 
identification of an array of genes, some of which show unexpected 
involvement in the thickening of the vertebrate 7o%7c,heart%7o7o; neuregulin, 
N-myc, gpl30, and transcription factor enhancer 1 (69-73). 

These data suggest the existence of a vast array of regulatory 
proteins that have the potential to convert noncordiac cells into embryonic 
cardiac cells. The process will likely involve genetic Information that is 
intrinsic to the mesodermal lineage and Inductive signals from endoderm. 



However, the lack of a permissive cell type for use in monitoring the 
conversion to the cardiac phenotype (e.g C3H10T1/2) and an apparent lack 
of 

dominance of the cardiac phenotype in hcterokaryons (74) hove made it 
difficult to adapt the opproach used by Davis et al (37). to screen these 
candidates for the cardiac master gene. Furthermore, the proteins that 
have 

been implicated by their expression in early cardiogenic regions may assign 
mesenchymal cells to a cardiogenic lineage and may function relatively late 
in cardiogenesis. Alternatively, there may be not unique factors but a 
combination of factors, or a stochastic pattern of expression that occurs 
uniquely in early cardiac development. 

APPROACHES TO AUSWENTINS CELL NUMBER IN THE 
%%7oHEART%%% 

Given the lack of regenerative capacity in the mammalian %%7oheart%%%, 
strategies have been proposed to augment card'tac cell numbers using 
autologous, allogeneic, xenogeneic, immortalized, or transdiffercntiated 
cells. There is an important unanswered question with each strategy. How 
will the transplanted cells respond to physiological and pathophysiological 
stimuli? 



TRANSDIFFERENTIATION 
Transdiffcrentiatton is a fascinating biological phenomenon with potential 
applications in cardiac tissue engineering see review by Brockes (75) . 
The process of transdif ferentiation involves the conversion of a committed, 
differentiated, or specialized cell to another differentiated cell type 
with a distinctly different phenotype. The pre- and postdifferentiated 
state must be clearly identifiable and distinct, and there must be a 
relationship between precursor cells and their progeny. It has been 
suggested that a single switch in the commitment program Is responsible for 
these changes in phenotype (75). 

TRANSDIFFERENTIATCON IN URODELE MUSCLE Urodcle amphibians 
(including 

newt and axolot!) are the only adult vertebrates capable of regenerating 
limbs. The animal heals the wound, cells beneath the epidermis 
dedifferentiate, and regeneration occurs by local formation of a growth 
zone (blastema) that proliferates to form a new limb (75, 76). Newt 
myotubes lack reserve cells, and the regeneration involves reversal of the 
differentiated state Instead of recruitment of satellite cells. It has been 
suggested that the environment of the growth zone leads to destabitization 
of the differentiated state (75). Myotubes implanted beneath the site of 
transection are able to revert from multinucleate structures to give rise 
to mononucleate progeny. When newt myotubes are shifted to high serum, 
they 

reenter the cell cycle, whereas in mammals (77), serum-induced celt cycle 
reentry occurs only in the retinoblastoma protein null mice (78). Although 
newt myotubes are not lacking in retinoblastoma protein, exposure to serum 
may lead to inactivation of the protein (77). In addition, innervation is 
important for limb regeneration because the dcnervated limb cannot initiate 
the process of regeneration (79). Cardiac regeneration occurs In newts, and 
it is possible that this ability was lost in higher vertebrates because of 
selective pressures (75). It would be an enormous advance if such a 
transformation could be engineered in mammals (32, 33, 80). 

TRANSDIFFERENTIATEON IN MAMMALIAN MUSCLE There arc 
numerous examples 

of transdif ferentiation into and from muscle cells. The electric organs of 
fish transdif ferentiote from muscle (81), and smooth muscle in the external 
musculature of the mouse esophagus transdif ferentatc to striated muscle 
(82). Expression of the adipogenic transcription factors PPARg and C/EBPa 
in murine G8 myoblasts blocks muscle differentiation and promotes 
adipocyte 

differentiation (83). It is interesting to speculate that fat cells 
observed within the %7o7ohcart7o%% or skeletal muscle in obesity, 
mitochondrial myopathies, fatty right ventricle, and right ventricular 
dysplasia (84) may result from transdif ferentiation. 

POSSIBLE TARGETS FOR TRANSDIFFERENTTATLON Smooth muscle 
cells, 

endothelial ceils, mesenchymal stem cells (see section on mesenchymal stem 
cells), and fibroblasts have a differing developmental origin and represent 
cell types that might be transdif fcrentiated into cells capable of 
performing work. By analogy to the studies of Choi ct al (39) and Wctntraub 
et al (40, 85), forced expression of MyoD was utilized to attempt to 
convert cardiac fibroblasts into skeletal myotubes in situ (86). Although 



skeletal myogenesis was initiated, myof ibrillogcnesis did not occur (86). 
Alternative cell types have not been tested to date, although it is 
informative that the skeletal muscle differentiotion progrom is a 
fundamentally incompatible aspect of the card'tac phenotype because forced 
expression of myoD or myogenic regulatory factor (myf5) in transgenic 
animals results in cardiomyopathy or death (87, 88). 

PROLIFERATLON OF CARDIOMYOCTVES IN SITU 
Reversal of the terminal differentiation of uninjured card io myocytes 
represents an additional strategy for manipulating the cardiac repair 
process (18). The general feasibility of this approach was suggested by the 
observation that mice expressing the oncoprotein simian virus 40 T antigen 
(SV40-Tag) develop unilateral right atrial tumors (rhabdomyosarcomas) 
consisting of highly differentiated atrial cells (89, 90). Oncoproteins 
immortalize by an interaction with cell cycle proteins; therefore, these 
studies suggested that cardiomyocyte growth might be reactivated in adult 
cells through the manipulating the cell cycle (91, 92) or by alternative 
means to enhance the rcplicative potential of cardiomyocytes (93). This 
novel approach has begun to be tested. Expression of the ElA oncoprotein or 
the transcription factor E2F-1 in neonatal cardiomyocytes induced DNA 
synthesis and triggered apoptosis (91, 94). The cardiac restricted 
expression of cyclin D produced multinucleated cardiomyocytes in trangenic 
mice (92). We expect this approach to be actively developed in the next few 
years, with a caveat that this approach will require a tightly regulated 
system of gene expression because of concerns regarding neoplastic 
transitions in these altered cells. 



INTRODUaNG NEW CELLS INTO THE CARDIAC ENVIRONMENT 
The introduction of new cells into myocardium Is the best studied of the 
strategies for myocardial repair and is the focus for the remainder of the 
review. This strategy assumes that grofted celts demonstrate a normal 
response to physiological stimuli. Fundamental questions common to all cell 
sources are identification and survival of grafted cells, differentiation 
of implanted cells, host-ceti interactions, and mechanical and electrical 
coupling of implanted cells. Although use of fetal cells in studies has 
proven Important, it remains ethically controversial. Important issues that 
remain unanswered include the ideal source for cells (allogeneic or 
autologous) and the role of genetic enhancements of the grafted celts or 
recipient bed as a means of enhancing the survival of grafted cells or of 
engineering a more favorable response to hypertrophy or ischemia. 

CARDIOMYOCYTE GRAFTING The possibility of transplanting cardiac 
muscle 

cells grown in culture was first explored by Stcinhelpcr ct al (95) and 
Delcarpio et al (96). Atrial tumors were isolated from transgenic mouse 
tumors produced by atrial expression of SV40 large T antigen. The tumors 
were propagated as subcutaneous tumors in syngeneic animals to generate a 
cell line that has the characteristics of differentiated atrial cells, 
called AT-1 cells (95, 96). Grafts of these cells Into the ventricle 
demonstrated retained mitotic activity and long-term survival AT-1 cells, 
without the formation of gap junctions with native myocardium (8). A cell 
line derived from AT-1 cells, called HL-1 (97), has been introduced into 
normal and infarcted pig myocardium. These cells formed stable grafts when 
grafted within the normal porcine myocardium, with formation of adherens 
junctions and gap junctions, but they failed to survive in a myocardial 
infarction model (98). 

It was also demonstrated that embryonic cardiomyocytes could be 
grafted into murine and canine hearts (6, 7). Intercalated disk formation, 
gap junctions, and connexin-43 staining were observed at interfaces 
between 

grafted cells and host myocardium, confirming stable incorporation of 
grafted cells into the myocardium. Similar close associations with 
intercalated disk formation were observed when human fetal cardiomyocytes 
were grafted into normal porcine myocardium (99), or when murine fetal 
cardiomyocytes were labeled with on adenoviral vector prior to 
transplantation (100). 

When the grafting studies were extended to include models of 
myocardial injury, fetal human and rat cardiomyocytes formed stable grafts 
within the myocardial scar up to 65 days after transplantation for 
myocardial infarction (101). These studies demonstrated that the cardiac 
environment was hospitable for grafts across species and demonstrated an 
angiogenic response to the grafting process that may be related to 
autocrine substances released from grafted cells (98; see also 102). In 
coronary occlusion/rcperfusion, grafting of fetal cardiomyocytes was 
associated with improved left ventricular function as assessed by 



echocardiography (103). Similarly, grafts of fetal rat cordiomyocytcs, 
administered 4 weeks after cryoinjury of the left ventricle, were 
associated with improved function, when assessed in the excised 
7<,%%heart%%% 

, and with limited myocardial scar expansion (102, 104). Therefore, in the 
absence of mechanical or electrical coupling (as the grafted cells were 
encased In scar), the presence of cells exerted favorable effects on 
ventricular function and geometry. In contrast, Connold et a! (105) 
Identified gap junctions between grafted cells and damaged myocardium. 
Nevertheless, the contractile effects of card tomyocy tcs, passive mechanical 
properties of the graft, or effects on angiogencsis may have contributed to 
the beneficial effect of cardiomyocyte transplants in myocardial 
infarction. An ethical objection to the use of fetal tissues may be 
addressed by the development of human embryonic stem cells and the 
genetic 

selection of cardlomyocytes from these stem cells (see 9). 

GRAFTING OF SKELETAL MYOBLASTS The use of skeletal muscle as a 
passive 

graft to rebuild the 7o%%hcart7o%7o dates from Leriche A Fontaine (106), 
who 

used a passive graft of skeletal muscle to repair a cardiac defect. The 
modern experimental surgical procedure, dynamic cardiomyoplasty, provided 
evidence that autologous grafts of skeletal muscle grafts could be adapted 
to perform cardiac work and enhance cardiac function. In this experimental 
surgery, vascularized grafts of left latissimus dorsi muscle were wrapped 
around the epicardial surface of the 7»7o7o heart 7o 7c 7o in the orthotopic 
position 

and rhythmically stimulated with a pacemaker to condition the muscle (24). 
This ability of skeletal muscle to transform into indefatigable muscle was 
based on the biochemical and physiological plasticity of skeletal muscle 
(reviewed in 107). Chronic electrical stimulation of fast-twitch skeletal 
muscle induces the expression of slow- twitch isoforms of contractile and 
sarcoplasmic reticulum proteins, including myosin heavy chain, calcium 
ATPase (SERCA2a), and the slow-twitch/cardicc protein 
7o7o7(.phospho Iamban7o7o7o 

(108-111). These proteins contribute to the slower contraction and 
relaxation rates of slow-twitch skeletal and cardiac muscle fibers. The 
plasticity of skeletal muscle in response to electrical depolarization, and 
the clinical experience with dynamic cardiomyoplasty, suggested that 
individual myoblasts might be converted to muscle fibers that arc capable 
of performing cardiac work. 

The initial experiments determined the fate of myogenic cells grafted 
into the hearts of syngeneic animals (3-5) or autologous satellite cells 
grafted into 7o7o7o heart 7o7o7o (1, 2, 112, 113). Myogenic cell lines were used 
because they had been extensively characterized, and they proliferate in 
culture as pure populations. Myogenic cells derived from rodents, such as 
L6 and BCHl, have been produced by %7e7otreatmcnt7o7o7o with chemical 
mutagens 

and form tumors In vivo. The C2C12 mouse myogenic cell line, however, was 
generated by spontaneous Immortalization of rodent muscle (114). Murine 
C2C12 myoblasts enter the resting phase of the cell cycle in response to 
lowered levels of scrum and remain mitoticalty quiescent, thus 
recapitulating myogenic differentiation. Potential problems associated with 
the use of these cells include the potential for tumor formation (115) and 
genetic drift of the celt line. 

Grafts of autologous cells minimize the risks of neoplasia and Immune 
rejection associated with allogeneic or xenogeneic cells. However, 
I mmu no modulation to allow the survival of allogeneic or xenogeneic cells 
can be achieved using conventional immunosupressive agents (102) or 
strategies to Induce donorspecif ic tolerance (116). Protocols for the 
growth and maintenance of autologous skeletal myoblasts isolated from adult 
muscle were established (117). These primary cultures can be expanded in 
large numbers up to 1017 cells per clone. However, they can contain 
50[percent] nonmyogenic cells (118) and generally require adenoviral 
vectors to efficiently label (113, 119). In contrast, myogenic cell lines 
can be easily modified with plasmid DNA to contain a genetic marker or 
transgene (115, 120). 

Transmural and arterial delivery of myoblasts Successful delivery and 
long-term survival of skeletal myoblast grafts in the myocardium have been 
achieved by Intramurol implantation (1-4) and arterial delivery (5, 113, 
118). Both approaches might be adapted for use for myoblast transfer In 
patients. Implanting myoblasts into the wall of the 7o7o7ohcart7o7o7o is 
relatively simple: Cells are suspended in phosphate-buffered saline or 
medium and then directly injected into the ventricular wall using a 
small-gauge needle. Although scar formation is observed at the injection 
site in mice, in larger animals the needle path is often difficult to 



identify. 

Arterial delivery was achieved with a transventrlcular injection in 
small rodents (5) or by selective coronary Injection in larger rodents 
(113). Arterial delivery of skeletal myoblasts has several advantages over 
direct infiltration Into the myocardium, notably an approach that parallels 
endovascular methods in clinical practice. It is likely that adult 
myoblasts (sotetlite cells) do not normally migrate Into the bloodstream 
(121). However, arterial delivery of L6 skeletal myoblasts to rat skeletal 
muscle had been demonstrotcd, confirming the capacity of immortalized 
myoblasts to cross the endothelium into the muscle interstitlum (122). 
Additionally, myogenic progenitor cells may be mobilized from bone marrow 
and traverse the circulation to reach Injured muscle (see discussion of 
mesenchymal stem cells below) (12), and following the vascular delivery of 
endothelial cells and mesenchymal stem cells, engraftmcnt of vascularized 
organs occurs (123, 124). 

The fate of skeletal myoblasts following their Introduction into the 
arterial circulation of the 7o7o7o heart 7o7o7o was predicted to be analogous to 
intraventricularly injected tumor cells. Murine melanoma cells arrest in 
the coronary capillaries and undergo lysis within 5 min (125, 126). In 
studies performed by Robinson ct al (5), within seconds of injection Into 
the ventricular cavity, genetically labeled C2C12 cells were distributed 
throughout the left and right coronarles, entrapped In the lumina of small 
capillaries. One week after Injection, the cells were no longer found In 
the capillaries but appeared to be integrated into the myocardiol 
interstitlum; 72 [percent] of the animals injected continued to show labeled 
cells for as long as 6 months (5). No histological evidence of myocardial 
thrombosis or infarction was observed, and electrocardiograms of 
sham-Injected and myoblast- injected animals appeared similar. 

Differentiation of implanted cells Skeletal muscle develops along on 
orderly pathway, with commitment of stem cells to the myogenic lineage 
(myoblasts), proliferation of myoblasts, and fusion to form myotubes. 
Following introduction In the 7o7o7oheart7o7e7o, primary myoblasts (113, 118) 
and 

myogenic cell lines (3, 5) parallel the normal developmental process for 
myoblasts, with eel! cycle exit and myogenic differentiation (as assessed 
by proliferating cell nuclear antigen (PCNA) staining) (5), the expression 
of fast-twitch skeletal muscle isoforms of myosin heavy chain (3, 118), 
SERCAl (5), and formation of myofibrils (3, 5, 118). SERCAl expression was 
present for at least 6 months after implantation. These findings suggested 
that the cardiac environment was permissive for myogenic differentiation. 
Myogenic differentiation occurred when cross-species transplants were 
performed with immunodef icient recipients (SW Robinson, PD Kesster, 
unpublished data). 

Alteration In the phenotype of Implanted cells to a slow-twitch 
phenotype 7o7o7oPhospholamban7o7o7o is expressed in cardiac cells and 
slow-twitch 

skeletal muscle. The Induction of 7.7o7ophospholamban7o7o7o expression during 
electrical stimulation of skeletal muscle has been reported (110, 111). 
Robinson et al (5) identified myob last-derived cells that coexpressed 
7o7o7ophospholamban767o7o and the fast-twitch marker, SERCAl. Murry ct al 
(118) 

also identified primary rat myotube cells that expressed a slow-twitch 
Isoform of myosin heavy chain. The mechanism for the induction of 
slow- twitch gene expression in these grafted cells is unknown. In view of 
the induction of the slow-twitch phenotype In skeletal muscle grafts 
encased in scar, on aspect of the cardloc milieu altered the developmental 
program of the Implanted cells, switching them to a slow-twitch phenotype 
rather than to a cardiac phenotype. 

Electromechanical coupling of implanted cells Cardiac cells are 
electrically coupled to adjacent cells via specialized gap junctions, 
composed of hexomers of the protein connexln-43, that allow the exchange 
of 

ions and small molecules between adjacent cells (127, 128). Gap junctions 
are found in virtually every cell type in mammals; adult skeletal muscle 
fibers are a notable exception. These junctions have been identified in 
developing avian and rodent muscle fibers and primary cultures of these 
cells (129-131), and connexin-43 has been identified in cultured L6 
myoblasts prior to fusion (132). In addition, conncxln-40 Is expressed In 
neonatal fibers (133). 

When skeletal myoblasts were introduced Into normal murine 
7o%7,heart%7o7o 

or cryoinjurcd rat 7o7o7<,heart7o7o7o, analysis of the graft-host myocardium 
junction failed to demonstrate evidence for mechanical or electrical 
coupling between skeletal and cardiac cells (3, 118). In unpublished 
studies, neither conncxin-43 staining nor structures that resemble 
intercalated disks between host myocardium and intramural grafts of 



genetically labeled C2C12 myoblasts were observed (SW Robinson, PD 
Kcsslcr 

unpublished information). Interestingly, AAurry et al (118) described 
structures resembling adherens junctions and tight junctions within the 
grafts. The observed junctions may represent couplings between two 
adjacent 

myoblost-dcrived structures, or between myoblast -derived structures and 
smooth muscie (10), fibroblasts (134), or perhaps putotive intracardiac 
mesenchymal stem cells (see below) (135, 136). That junction formation was 
not consistently observed among myoblast-derivcd cells (3, 5) may be due to 
differences in species, in animal model, or between primary and 
immortalized cells. The electrical couplings observed by Murray et al (118) 
may be similar to the low-resistant junctions described during the fusion 
of myoblasts in vitro (130, 131). 

Putative electrical coupling when C2C12 myoblasts are delivered via 
the arterial circulation That coupling between intramural ly delivered 
skeletal myoblasts and host myocardium has not been observed when 
myoblasts 

are infiltrated into the ventricular wall may be due to the formation of a 
scar tissue that effectively isolates grafted cells from host cells. Dense 
scar is described in cryoinjury and may isolate implanted cells from 
surrounding myocardium (1, 2, 118, 137). The intramural injection of 
myoblasts into uninjured rodent 7o7o7o heart 7o7o7o is accompanied by a 
transient 

increase in cardiac lactate dehydrogenase (LDH) isoenzymes, consistent with 
myocardial injury (3). 

When myoblasts were delivered via the arterial circulation, 
conncxin-43 was immuno localized to some sites of donor and host cell 
contact (5). Fine- structure analysis demonstrated electron-dense 
thickenings at ccll-cci! interfaces, consistent with spot desmosomal 
junctions. Surpringly, this observation is not novel. Terasaki et al (10) 
identified desmosomcs and fascia adherens junctions between 
cardiomyocytcs 

and subendocardial smooth muscle cells in situ. We observed structures in 
several independent cell pairs that resembled intercalated disks, and 
observed a structure at the interface of the two different cell types, that 
appeared to be a gap junction (5). Taken together, these data suggest that 
components of an electrical coupling system might be present in some 
engrafted cells that survive 5-6 months. Confirmation of electrical 
coupling will require demonstration of the transfer of small tracer 
molecules between myoblast-derived cells and cardiomyocytcs. 

Functional effects of myoblast grafting More relevant to the problem 
of myocardial repair has been the experience with grafting primary cells 
into injured myocardium. Primary myoblasts hove been grafted into the 
cryoinjurcd myocardium of dogs, rabbits, and rats (1, 2, 118, 137). This 
injury approximates a myocardial infarction, without subsequent aneurysm 
formation. Collectively, these studies clearly demonstrated the long-term 
survival and differentiation of implanted cells. Importantly, functional 
improvement in left ventricular function after myocardial injury was 
observed (118, 137). 

In contrast to experience with myoblast grafting into skeletal muscle 
(138), there have been few estimates of the efficiency of myoblast grafting 
into 7o7o7oheart7o7o7o. In fact, grafted cells frequently failed to survive in 
rabbit cryoinjury (137). Arterial injection of myoblasts was relatively 
inefficient (5). After an injection of 106 cells, about 50,000 would be 
expected to partition to the coronary circulation, which receives about 
5[percent] of the cardiac output in mice (126). In fact, in our hands, only 
about 700 LacZ-positivc cells were present in the 7o7o7o heart 7o7o7e 1 week 
after 

injection (5). In contrast to these results, when Taylor and coworkers 
(113) performed selective coronary injections of myoblasts in rabbits, they 
were able to achieve high-efficiency delivery to the myocardium via the 
coronary circulation. The mechanism for the translocation of myoblasts is 
unknown, and it may be favorably affected by transient ischemia related to 
capillary plugging. 

Unanswered questions There arc many unanswered questions about this 
approach. Although some workers have suggested that an implanted cell 
undergoes transdif ferentiation into a cell that has a cardiac phenotype 
(1), the existing evidence supports conversion of implanted muscle to a 
slow-twitch phenotype (5, 118). It may be advisable to manipulate implanted 
cells so they remain mononuclear to enhance the number of surviving cells 
(34), or perhaps a delay of myogenic differentiation may elicit a cardiac 
phenotype. It is unlikely that hetcrokaryons form between cardiac and 
skeletal muscle, and in fact they may not be advantageous (74). Although 
specialization of the multiple nuclei of the myotube is well understood 
(139, 140), it is unclear if similar specialization will develop for 



myotubes that differentiate within the cordiac environment. 

MESENCHYMAL STEM CELLS (MARROW STROMAL CELLS) The bone 
marrow 

contains, in addition to blood-forming progenitors, cells that have the 
properties of stem cells (reviewed in 141, 142). These cells arc referred 
to OS marrow stromal cells or mesenchymal stem cells (MSCs). It has been 
hypothesized that MSCs derived from the marrow of post-natal animals can 
serve as a continuing source of progenitor cells that give rise to 
mesodermal tissue, such as cartilage, bone, muscle, fat, and tendon 
(141-143). These adherent cells have been shown to be multipotcntial, and 
under appropriate culture conditions they differentiate into osteoblasts, 
adipocytes, chondroblasts, and skeletal muscle. MSCs are similar to the 
murine mesenchymal stem cell line, C3H10T1/2. Following 
7o%7*treatment7o7o7o 

with 5-azacytidine, C3H10T1/2 and MSCs are capable of differentiating into 
multiple lineages, including muscle, cartilage, ond fat cells (144-146). 
C3H10T1/2 cells also show osteogenic, adipogenic, and chondrogenic 
differentiation upon exposure to BMP-2 and BMP-4 (147). 

In contrast to the hemotopoetic and endothelial stem cells, MSCs arc 
derived from somatic mesoderm. There is no evidence for a common stem 
cell 

that gives rise to hemotopoetic and stromal progenitors (148). In vivo, 
MSCs can form cartilage or bone after implantation in ceramic cubes (141), 
or they can become incorporated into normal or dystrophic skeletal muscle 
fibers (12, 149). More homogenous populations of these cells have been 
prepared recently, and they have been explored as a vehicle for cell -based 
gene therapy and cellular repair (124, 149-151). Marrow-derived cell 
populations have an advantage as an autologous cell source, as they are 
easy to isolate and may be unaffected by systemic 7o7o%disease7o7o7o. 

After systemic injection, MSCs can repopulate a number of organs 
(150). Following a systemic injection, MSCs were detected in lung, 
cartilage, and bone, but not 7o7o7€.heart7o7o7o (150). More recently, it has 
been 

suggested that bone marrow stromal cells or another population of cells 
present in the marrow may participate in skeletal muscle regeneration (12, 
149). In murine muscle regeneration, bone marrow-derived cells migrated to 
the site of muscle injury and were incorporated into muscle fibers (12). 
This supplemental repair program may be important in states thot arc 
characterized by impaired satellite cell function, such as aging or 
myopathy (see above). 

Might MSC be present in extramedullary sites? There is evidence that 
MSCs or MSC-like cells may be present in 7o7o7o heart 7o7o7o. The 
cardiomyocyte 

cell line, H9C2, isolated from cardiac fibroblasts demonstrates aspects of 
the cardiac and skeletal phenotype (152). Recently, cells were isolated 
from neonatal rats that had the potential to differentiate into several 
mesodermal phcnotypes, including binucleatc cardiomyocytcs, and that 
behove 

like MSCs (135). Also isolated were MSC-like cells from the skeletal muscle 
of neonatal rots (153) and embryonic chicken (136), and similar cells have 
been isolated from the atria and ventricles of chick 7o7o7o heart 7o7o7o (154). 
Moreover, a recent abstract reported that 5-azacytidine induced conversion 
of murine bone marrow stromal cells into cardiomyocyte- like cells (155). 
Clones were derived that formed a syncythium in vitro, which beat 
synchronously, and expressed cardiac markers, including NkX2.5 and 
6ATA-4. 

Further confirmation of these findings is eagerly awaited, but collectively 
these data and those of Warejcka et al (135) suggest an interesting 
possibility; An MSC or another stem cell, resident in bone marrow or 
7<,7o7o heart 7o7o7o, might be converted into a cardiomyocyte- 1 ike cell when 
placed 

in the proper environmental context. This possibility has been stimulated 
by the notion that progenitor cells for no n hemotopoetic tissues 
(endothelial or myogenic precursor cells) ore present in bone marrow and 
participated in repair processes in the adult vertebrate (12, 156). Most 
interestingly, studies by Eisenbcrg et al (157-159) suggest that a 
pturi potent cell exists during early development that has the capacity to 
differentiate into endothelium, hematopoctic ceils, or cardiomyocytes. We 
do not know if this cell population overlaps with the population of MSCs, 
although embryologicol considerations suggest they may not. We have begun 
to evaluate bone morrow-derived cells as o source for cells that might be 
adopted for cardiac repair. Toward these ends we hove demonstrated the 
survival of MSCs when grafted into the 7o7o7oheQrt7o7o7o (11; C Tomo, P 
Gruber, 

PD Kessler, BJ Byrne, M Pittengcr, unpublished information), and we 
anticipate this may be a fruitful area of research in the future. 



CLINICAL IMPLICATIONS 
IMPLANTED CELLS AS A PLATFORM FOR PROTEIN DELIVERY 
The utility of genetically modified C2C12 cells as a platform to deliver 
recombinant T6F-bl has been demonstrated (4). Myoblasts are able to 
process 

a variety of recombinant proteins with proper posttranslational 
modification of secretory proteins (160). Recombinant myoblast transfer to 
the 7»%7ohcQrt%%7o might be useful for local expression of neurotrophic 
factors and angiogenic factors and may avoid the potentially harmful 
effects of systemic delivery of these proteins (160). Transcriptional 
regulation remains one of the greatest challenges when such a strategy is 
used. A potentiol advantage of placing extra cells in the implantation 
site is that fine control of the amount of gene expression may be achieved 
by selective elimination of some of the implanted cells using suicide genes 
engineered into the cell. 

GENETIC ALTERATION OF CELLS AND ENVIRONMENT 
The ability to genetically alter implanted cells or the environment may 
have profound effects on the results of cell transplantation. The 
tnactivation of the interferon-g receptor in murine myoblasts by homologous 
recombination suggests the possibility of engineering myoblasts with a 
favorable profile for myocardial repair or gene transfer (161). Insights 
into the mechanism of translocation of cells across the capillary bed may 
allow us to engineer cells designed for enhanced cell transfer. 

Methods of gene transfer that hove been utilized to genetically modify 
myoblasts include plasmid DNA, retrovirus, adenovirus, and adeno-associated 
virus vectors (5, 118, 162, 163). Cells engineered to ovcrcxpress 
mctolo proteinases might allow for enhanced myoblast egress from the 
circulation, or reduce fibroblast and matrix deposition, which may encase 
the grafted cells. Alternatively, immunomodulatory molecules, such as the 
CD 95 (Fas) ligand expressed on allogeneic cells, may allow for the 
long-term cngraftment of geneticolly dissimilar cells (164). 

METHODS TO DELIVER CELLS IN THE CLINICAL SETTING 
In order to enhance cellular graft survival and improve the region of 
distribution in the myocardium, several technical challenges will have to 
be met. Given the ability to isolate sufficient quantities of syngeneic 
donor cells, the first obstacle to successful tissue repair with myogenic 
cells will be the method of delivery of the cells. Placement of the cells 
in the myocardium may be accomplished by a direct cpi cardial injection into 
pre-identif ied zones of ischemic risk or cardiomyocyte loss. Presumably, 
such a procedure would be done at the time of another cardiac intervention, 
such as revascularization surgery or implantation of a ventricular assist 
device. An alternotive approach to epicardial delivery is via thoracoscopy. 
Over the past few years, minimally invasive surgery has transformed the 
approach to a number of surgical procedures. Surgical expertise and 
interest in minimally invasive surgery has increased with the development 
of new protocols and techniques to perform a variety of such procedures, 
including coronary artery bypass surgery and valve-replacement surgery 
(165). These new methods allow the surgeon to work on the 7o%7oheart%7o7. 
through a small incision between the ribs. The further development of 
endoscopic techniques will allow for the introduction of cells into the 
7o7o7ohcart7o7o7<, without a median sternotomy. Alternatively, cndovasculor 
techniques, using modification of the transmyocardial revascularization 
technique, might be utilized to deliver cells to the 7o7o7o heart 7o7o7o. 
Steerable 

cotheters may be utilized to enter the endocardium to place endocardial 
plugs ("myocardial sodding"). If placed closely together, and allowing for 
a small degree of cellular proliferation, these plugs might result in a 
mechonical benefit for the 7o7o7ohcart7<,7o7o tissue. Finally, direct arterial 
delivery of cells (5, 113) via the coronary circulation might be attempted. 
Once the cells are implanted into the interstitial space, strategies to 
enhance transdtffcrentiation of implanted cells may be necessary, whereas 
this approach will be unnecessary if cardiomyocytc-like celts arc 
implanted. One of the strongest signals for transdifferentiation may be the 
mechanical or electrical environment of the working 7o7o%heart7o%7o. 

Phase I clinical trials of cell implantation in the damaged 
7o7o7o heart 7o7(.7o could easily be achieved in patients undergoing placement of 
left ventricular assist devices or ventricular reduction surgeries (22, 
23). Patients undergoing left ventricular assist device placement have 
intractable 7o 7c. 7o heart 7o%7o 7(»%7ofailure7c.%7o and are candidates for cardiac 
transplantation. Therefore, the implanted cells can be reexamined when the 
transplantation surgery is performed and the explanted 7o%%heart7o7o7o is 



available for detailed histologic examination. This ambitious program for 
clinical development will depend on further demonstration of the efficacy 
and safety of grafting in preclinical models. 

CONCLUSION 

This review chronicles the current state of the art for the grafting of 
mesodermolly derived cells. Collectively, the findings suggest that 
myoblasts can form stable grafts in the 7o7<,7oheart7o7o7o and that signals 
originating in this environment may alter the phenotype of skeletal 
muscle-derived cells. Further studies are needed to characterize the 
interactions between implanted cells and native myocardium, and to develop 
methods to enhance this interaction. The success of this approach wilt 
require the integration of a number of disciplines; molecular biology, 
bioengineering, matrix and tissue engineering, gene therapy, medicine, and 
surgery. Promising areas for research in the next millenium include 
identification of factors that can maximize grafted cell survival and 
strategies that might convert cells into card io myocytes. 
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ABSTRACT: The main contributors to increases in {Ca2+}i and tension are 
the entry of Ca2* through voltage-dependent channels opened by 
depolorization or during action potential (AP) or slow-wave discharge, and 
Ca2+ release from store sites in the cell by the action of IP3 or by 
Ca2+-induccd Ca2+-release (CICR). The entry of Ca2+ during an AP triggers 
CICR from up to 20 or more subplasmalcmmal store sites (seen as hot spots, 
using fluorescent indicators); Ca2+ waves then spread from these hot spots, 
which results in a rise in (Ca2+}i throughout the cell. Spontaneous 
transient releases of store Ca2+, previously detected as spontaneous 
transient outward currents (STOCs), are seen as sparks when fluorescent 
indicators are used. Sparks occur at certain preferred locations- -frequent 
dischorge sites (FDSs)— and these and hot spots may represent aggregations 
of sarcoplasmic reticulum scattered throughout the cytoplasm. Activation of 
receptors for excitatory signal molecules generally depolarizes the cell 
while it increases the production of IP3 (causing calcium store release) 
and diacylglycerols (which activate protein kinases). Activation of 
receptors for inhibitory signal molecules increases the activity of protein 
kinases through increases in cAMP or cGMP and often hyperpolarizes the 
cell. Other receptors link to tyrosine kinases, which trigger signal 
cascades interacting with trimeric G-protein systems. With permission, from 
the Annual Review of Physiology, Volume 61, 1999, by Annual Reviews Inc. 
(http://www.annurev.org ). 

TEXT: 

KEY WORDS; ultrastructure, ion channels, calcium events, signal 
transduction, sarcoplasmic reticulum 

INTRODUCTION 
Excitation in its original sense as applied to nerve and skeletal muscle 
meant the discharge of an action potential. In smooth muscles (SMs) 



contraction— or, indeed, relaxation of existing tone— may occur with or 
without a change in potential ocross the cell membrance (plasmalemma), 
although under physiological conditions it seems likely that changes in 
membrane potential normally accompany changes in tension. In SMs, 
including 

those of the gastrointestinal tract, the electrical change triggering 
contraction is an action potential or some form of slower potential change 
(or which the "slow wave" is one example); the initiation of contraction by 
changes in the membrane potential has been termed electromechanical 
coupling (195). The change in membrane potential generally reflects changes 
in the conductance of the plasmalemma which, if not myogenic, are caused by 
activation of receptors by signal molecules or by stretch. Whether an 
action potential and/or a slow wave triggers contraction, it is likely that 
it is the entry of calcium through voltage-dependent channels which 
initiates the contractile process, although it is possible that sometimes 
depolarization itself plays a part. Because calcium is strongly buffered in 
the SM cell (buffering ratio, 30-227) (10, 63, 99, 100) the amount of 
entering calcium may be insufficient to raise the ionized calcium 
concentrotion, Ca2+ i, throughout the cytoplasm to the required level for 
contraction so that in many cases calcium-induced calcium release (CICR) is 
necessary. Conversely, relaxation of existing tension or tone is associated 
with hyperpolarization; this may inhibit existing action potential 
discharge or simply reduce the probability of voltage-dependent calcium 
channels being in the open state, both of which reduce voltage -dependent 
calcium entry. 

However, a wider definition of excitation-contraction coupling has 
been suggested for SMs which includes, besides electronmechanical coupling, 
stimuli causing contraction which are not associated with electrical change 
in the membrane. Such mechanisms have been termed pharmacomcchanical 
coupling (196, 197); this process involves activation of receptors which 
often increase Ca2+ i by releasing calcium from intracellular stores. 
Pharmaco-mechamcal coupling generally involves the phospholipase C 
(PLC)/inositol-l,4,5-trisphosphatc (IP3)/diacylglycerol (DAG) system and 
often a number of other mechanisms by which SM tension can be modulated 
or 

even initiated through GTP-binding proteins (G proteins), phosphorylation 
and dephosphorylation reactions, and possibly others. Since 
pharmacomechanical coupling does not by definition involve an electrical 
event in the membrane, it might be argued that it does not strictly fall 
within the definition of excitation, although it has been deemed to do so 
in SM by custom and use. There are now many examples of synergism or 
interaction between pharmacomechanical and electromechanical mechanisms. 

As in other muscles, calcium is believed to be the crucial signal for 
tension generation or shortening of the SM cell. However, important 
differences exist between SM and striated muscles; cardiac and skeletal 
muscle owe their striped appearance under the light microscope to the 
regular alternating arrangement of actin, myosin, and other contractile 
proteins, which gives rise to optically anisotropic bands. Other features 
of their ultrastructure reflect this repeating pattern of the contractile 
proteins: Calcium release, calcium sparks, and the arrangement of the 
calcium sotres are also organized on the same repeating, sarcomeric pattern 
(45, 184). The ultrastructure of SMs is very different from that of 
stnafed muscles, and it should not therefore come as any surprise that the 
control of the contraction process is also very different; actin, myosin, 
and associated contractile proteins show no regular repeat or sarcomeric 
pattern; the sarcoplasmic (endoplasmic) reticulum (5R), which is believed 
to be the major site of calcium stores, also shows no regular periodic 
arrangement but is scattered in the cytoplasm. Also, myosin-actin 
interaction in SMs involves a calcium-calmodulin-controlled phosphorylation 
of the myosin light choin, quite unlike the troponin-rcgulated system of 
striated muscles. In addition, it is believed that there is some 
thin-filament regulation of contraction through the phosphorylation of two 
proteins, caldesmon and calponin, which reduces their inhibitory influence 
on actin-myosin interaction (5, 44; but see 156). Although SM generally 
contracts more slowly than skeletal muscle, it can exhibit shortening to 
25[percent3 of its resting length (56) and, despite these differences from 
striated muscles, at optimum length it generates comparable force per 
cross-sectional area to striated muscle but has one-third of its myosin 
content; it does not show fatigue (41) and maintains tension at a much 
lower energy cost (167). 

ULTRASTRUCTURE 
A knowledge of the arrangement of the components of the contractile 
system 

and the mechanisms for the local control of calcium movements within the 



cell are essential for an understanding of the process of 
excitation-contraction coupling in SMs. While there arc quantitative 
variations in SM structure, and occasionally special features, the basic 
arrangement of the contractile proteins and other intracellular organelles 
OS seen in fixed specimens with the electron microscope is simitar in all 
mammalian SMs, as has been known for more than 20 years (8, 40, 58, 60). 
The fusiform SM cell in its relaxed state is generally less than 5 mm wide 
transverse sections of guinea pig taenia caeci cells in the fully relaxed 
state have an average area of about 10 mm2, increasing about fivefold under 
conditions of extreme shortening (56) , and arc up to 500 mm long, although 
in some situations, such as smcM blood vessels, they arc much shorter, 
20-50 mm (59). Thick myosin filaments 2.2 mm long ore orientated roughly 
parallel to the long axis; the thinner and more numerous about 10-12 times 
(range, 5 to 27) (41, 58) actin filaments run parallel to the myosin 
filaments. Recent measurements indicate that they are 1.35 mm long (41), 
They arc inserted either into dense bodies scattered within the cytoplasm 
or into dense bands (attochmcnt plaques) inserted on the internal surface 
of the plasmalemma. Dense bodies and bands contain a-octinin and have been 
compared to the Z-line in striated muscles; they differ in that dense 
bands, but not bodies, contain vinculin (192). Tension or shortening of the 
contractile filaments pulls on the dense bands, causing invagination of the 
surface membrane at these points. 

Between the sites of attachment of the dense bands are rows of 
flask-like caveotae intracellulares of uncertain function; two proteins, 
dystrophin and caved in, are associated with the region containing these 
caveolac (158). Coveolin interacts with heterotrimeric G proteins, and 
three cavcolin isomers encoded by separate genes have been identified (198, 
206). Intrcmembranous particles have been described as surrounding the 
necks of caveolac (57). Especially In phasic SMs, the caveolae commonly 
have associated with them (within 100 nm or so of the surface plasmalemma) 
a network of SR tubes and fenestrated sacs in which calcium is believed to 
be stored. The SR contains the calcium storage proteins calsequcstrin and 
calreticutin (136, 223) and %%yophospholamban%%7o, a regulatory protein of 
the SR calcium pump (SERCA) (52, 173); SERCA can also be regulated in 
some 

SMs by direct phosphorylation by calmodulin-dcpcndent kinase (72). The gap 
between the base of the caveolac and the SR membrane is shown by electron 
microscopy of fixed tissues to be frequently less than 20 nm, and a similar 
gap may separate the plasmalemma from the SR membrane in regions where 
caveolac are absent (40, 55); sometimes small feet are seen bridging this 
gap (40). Another SR, deeper within the cytoplasm, is often found extending 
from or associated with the Golgi apparatus or nucleus or arranged in 
collections of lamellae within the cytoplasm. Connections between 
superficial (subplasmalemmal) and deep (central) SR do occur (40, 55, 157). 
It is claimed that phasic SMs (e.g. vas deferens) have mainly 
subplasmalemmal SR, whereas tonic SMs (e.g. aorta) have small but 
well-developed deep SR (40, 123, 157). Mitochondria, also implicated in 
calcium uptake and storage (42, 70), arc scattered within the cytoplasm. 

Present evidence favors the idea that there are two distinguishable 
regions of the SM plasmalemma, one serving a force-transmission function 
and the other representing the site of ion exchange through channel and 
pump activities (158); the latter is associated with the rows of caveolac 
intracellulares. These two regions are arranged as roughly alternating 
longitudinal bands on the SM cell surface (58). When labeled antibodies 
were used, vinculin, a component of the dense bands to which the 
contractile proteins arc anchored, was found not to be colocalized with 
either the Na/Co exchanger or the Na/K pump. However, these were 
colocalized with each other and the Na/Ca exchanger also colocalized with 
calsequcstrin (141), a calcium-binding protein found particularly in the 
subplasmalemmal SR (157, 215). It had been suggested on the basis of 
calcium oxalate precipitation experiments that the caveolac arc the sites 
of calcium extrusion (170), and more recently immunocytochcmica! 
experiments have supported this (53). A body of indirect evidence supports 
the idea that calcium released from the plasmalcmmal side of the 
superficial SR into the narrow subplasmalemmal space between it and the 
plasmalemma may be extruded by the plasmalemma Na/Ca exchanger rather 
than 

escaping into the general cytoplasm (116, 214). It seems possible that the 
cavco la-rich regions between dense bands represent regions of the SM 
plasmalemma where ion channels and pumps are found; calcium entering 
through voltage-dependent channels may trigger CICR from the SR in these 
regions since colocalization of plasmalcmmal colcium channels and SR 
ryanodine receptors (RyRs) in bladder SMs has been demonstrated by using 
fluorescent antibodies (33). Caveola-rich regions may also be the location 
of receptors linked to ion channels and to the PLC/IP3 system, since the 



superficial SR has also been shown by immunogold staining to be rich in IP3 
receptors (54, 157, 215). 

Besides actin and myosin filaments, there are also intermediate 
filaments containing dcsmin (skclctin; reported to be replaced by vimcntin 
in vascular smooth muscle) (123), which are considered to be part of the 
cytoskclctal system. These insert into both dense bodies and bands. In 
addition, there are a number of other proteins that can be extracted from 
the muscle and that are considered to be part of the cytoskclctal system, 
although some of these have been implicated in the control of the 
contractile process; these include a-actinin, filamin, gelsolin, laminin, 
vinculin, and vimcntin (200); filamin and gelsolin have been suggested to 
inhibit the action of caldesmon on actin filaments and thus to facilitate 
contraction (39, 74). Suggestions that distinct cytoskclctal and 
contractile protein domains exist were not borne out by studies of actin 
isoform distribution (41). 

PLASMALEMMALION CHANNELS 
Gastrointestinal SM generally shows slow waves of potential change; 
sometimes it is a matter of arbitrary definition whether a transient 
potential change should be regarded as an action potential or a slow wave. 
The form of potential changes recorded from some SMs can be variable, and 
graded transitions between overt action potentials and slow waves ore 
frequent; in other coses, the form of potential change can be quite 
characteristic for a particular SM. The ion channel events underlying 
slow-wave changes are poorly understood. The oction potential in mammalian 
SMs of many types involves mainly an influx of calcium through 
voltage -de pendent calcium channels, but in some SMs, sodium channels make 
a 

substantial contribution to the upstroke of the action potential. Although 
during the repolarization phase of the action potential there is partial 
inactivotion and deactivation of the calcium channels, this phase is due 
mainly to the opening of a variety of potassium channels. These include 
dclayed-rectifier (Kv)and calcium-activated large conductance (BKCa) 
channels. Other potassium channels also contribute to the form of the 
electrical activity in some SMs or under some conditions; These include 
small conductance calcium-activated (SKCa), inward-rectifier (KIR), and 
A-type (KA) potassium channels, potassium channels sensitive to the 
internal concentrations of ATP and nucleoside diphosphates (KATP), and an 
M-currcnt (KM) in toad gastric muscle. A cation channel activated by 
hyperpolarization (If) causes inward rectification. Chloride channels have 
also been described (202); some of these are calcium activated (ClCa) 
(117). Following their discovery in other tissues (see e.g. 9) 
volume-activated chloride channels have recently been found in vascular 
smooth muscle (151, 242) and are likely to be of widespread occurrence. 

Activation of rzceplors may open potassium (BKCa, SKCo, or KATP) or 
chloride channels (201) to alter excitability and tension. Receptors for 
excitatory substances often open cationic channels, close potassium 
channels (KM), or, by raising Ca2+ i, open ClCa channels; all cause 
depolarization. BKCa channels may also be opened, and this presumably acts 
to limit the depolarization where it occurs. Cationic channels opened by 
stretch, Ca2+ i, or caffeine and potassium channels opened by fatty acids 
hove also been described (for reviews, see 21, 130), 

The properties of ion channels in the plasmalemma largely determine 
the form of electrical activity shown by smooth muscles; most 
gastrointestinal muscles discharge action potentials or slow waves, and 
these reflect the activities of their plasmalcmmal ion channels modified by 
celt-cell interactions and by the presence of membrane pumps, which are 
elcctrogenic. At present, detailed reconstructions of the form of membrane 
electrical activity in SMs arc few (115). There is information on the types 
of channels present in SMs, but there arc many SMs, and probably much 
remains to be discovered. 

CALaUM CHANNELS 
The voltage-dependent calcium current in many SMs is not a homogeneous 
current, since components with differing properties can be distinguished by 
holding at different potentials; thus, low-threshold and a high-threshold 
currents are sometimes distinguished. These arc sometimes equated with 
transient. T, and longer-tasting, L, currents as described for other cell 
types, which are rapidly and more slowly inactivating and show different 
sensitivities to blockers such as Nt2+ and dihydropyridincs, respectively 
(see e.g. 2. 15), The channel events underlying the calcium current(s) have 
usually been investigated by using high concentrations of Ba2+ on the 
outside of cell-attached patches; under these conditions, single-channel 
currents corresponding to conductances around 5-10 pS and 20-30 pS have 
often been described (175, 217, 240), with the occasional presence of 



channels of an intermediate (about 15-pS) conductance (51). Exceptional 
single-channel recordings have been made with as little as 0.5 mM calcium 
in the recording pipette, and the conductance of the 20-30-pS channel in 
the physiological range, between 1 and 2 mM calcium, was 5-8 pS (103). The 
largest -conductance channels arc believed to be responsible for the L-type 
current and the smollest for the T-type current, and it has sometimes been 
possible to demonstrate this by reconstruction of the global currents from 
single-channel events by repeated voltage steps. The role of channels with 
the intermediate conductance is obscure. Although differences of these 
types can be discerned in some visceral SMs (237), it is seldom possible to 
unambiguously equate the activity of the small- and large-conductance 
channels with the T- and L-typc whole-cell currents (217, 240), and 
variations in pharmacological properties of the currents are also found 
(2). It seems possible that modulation of calcium channel properties can 
occur as a result of metabolic processes in the cell; added to this, there 
are different sensitivities to blocking agents for reasons which are as yet 
obscure but are probably related to the expression of modulating systems in 
some SMs and not others; in addition, differences in channel structure 
possibly caused by combinations of different channel subunits (175) and 
alternative splicing of the genes (228) are involved. 

Heterogeneity of the calcium current is by no means the rule, and In 
several gastrointestinal SMs the calcium current appears homogeneous in 
that different components cannot be distinguished by the use of different 
holding potentials (4, 185, 241). The calcium current has been suggested to 
ploy an important role in slow-wave generation in canine colonic SM: A 
nifedlpine-rcsistant component has been implicated in the initiation of 
stow waves, and a second, sustained, nifedipine-sensitive component of the 
same current is believed to be responsible for calcium entry into the cell 
during the plateau (219, 220, 226). The ionic mechanisms underlying the 
electrical rhythms of gastrointestinal SMs will be considered elsewhere in 
this volume (sec chapters by & Farrugia and by K Sanders A B Horowitz, this 
volume). Although a number of ion channel types have been identified in 
gastrointestinal SMs, which exhibit slow-wave and action potential 
discharge, the exact contributions of these (and other) channels to the 
components of the slow wave and to the bursts of action potentials that 
slow waves sometimes exhibit are not known (179); in multicellular 
preparations, there is also the unquantif icd role of groups of cells with 
differing properties, such as the interstitial cells of Cajal (see e.g. 86, 
209). 

Receptor activation can frequently modulate the voltage-dependent 
calcium current in many SM cell types via a G-protein mechanism and/or 
phosphorylation. The & protein involved in guinea pig ileum has been 
described as pertussis toxin sensitive by some (171) and insensitive by 
others (212). In canine and human jejunum, motilin increased the calcium 
current (49); introducing cholera toxin or GTPgS into the cell via the 
pipette during single-cell recording potentiated the calcium current, which 
was not inhibited by pertussis toxin, suggesting the involvement of an 
a-protein subunit (as) (47). Potentiation of the calcium current in canine 
colon involved a cAMP-dcpendent mechanism, suggesting that the effects of 
cholera toxin and GTPgS may occur via adenylyl cyclase stimulation (106). 

POTASSIUM CHANNELS 
Some potassium channels are open at the resting membrane potential; these 
include the inward rectifier (152) and no ninacti voting (46) channels. In 
gastrointestinal SMs, a number of potassium currents can be activated by 
changes in potential; these include an A-current (218), calcium-activated 
current (3, 30, 37, 50, 222, 236, 245), and more than one type of 
delayed -rectifier current (29, 75, 140, 163). 

Large-conductance calcium-activated potassium channels (BKCa) seem 
almost ubiquitously distributed in SM cells. They are characterized by a 
conductance of about 120 pS in quasi -physio logical potassium gradients and 
about 250 pS in symmetrical high-potassium solutions. They arc blocked by 
charybdotoxin and iberiotoxin in low concentrations and by 
tctraethylammonium (IC50, about 0.5 mM; higher concentrations will 
nonspccifically block other potassium channels). The synergism exerted by 
the combination of depolarization and a rise in Ca2+ t on their opening 
probability (14) would seem to moke them ideally suited to open and 
repotarizc the membrane following the opening of calcium channels at the 
upstroke of the action potential. They have been suggested to terminate the 
slow wave in SMs of the canine colon (32). 

BKCa channels also open in response to an increase in Ca2+ i close to 
the plasmalemmo as a result of a spontaneous transient rcleose of calcium 
from stores in the cell. The resulting simultaneous opening of up to 100 
BKCa channels is seen as a spontaneous transient outward current (STOC) in 



voltage-clamped cells held at potentials positive to Ek (12). The opening 
of BKCa channels can play an important role in the responses to a number of 
inhibitory hormones and transmitters that cause their open probability to 
increase, producing hyperpolarization (see below). 

Following the isolation from bovine tracheal SM (65) of BKCa and 
cloning of its b-subunit (104), the channel has been cloned from canine 
colonic SM (222), Studies have also been done on two cloned contributors to 
the delayed-rectif ier current, Kvl.2 (75) and Kvl.5 (163). 

OTHER ION CHANNELS 
Sodium channels have been found in several gastrointestinal and other SMs. 
They carry a voltage-dependent inward current that is transient and 
generally lasts less than 10 ms; the major inward current in cells showing 
sodium currents is carried by calcium and is much longer- lasting. The 
sodium currents show different sensitivities to tetrodotoxin, with IC50 as 
follows: rat ileum, 4,5 nM (193); rat colon, 130 nM; human colon, 14 nM 
(235); rat fundus, 870 nM; guinea pig ureter, 11 nM (146); and human 
myometrium, <100 nM (243). Differences in channel activation and 
inactivation ranges were also noticed, reinforcing the idea that 
voltage-dependent sodium channels of SM are a heterogeneous group. 

Channels activated, and some inactivated, by stretch of the membrane 
have been reported. Stretch has been applied mostly by negative pressure to 
the pipette during whole-cell tight-seal recording, although sometimes 
single cells have been stretched between micropipcttes (230, 231), Usually 
the channels activated allow cations to pass, and their opening is 
facilitated by hyperpolarization (229). Sometimes 
hyperpolarization-activQtcd channels open more readily in stretched cells 
(80). Stretch has also been described to increase the current through 
voltage -de pendent calcium channels (238). Stretch also activates a 
potassium channel, possibly via the release of fatty acids (161). Some 
cation channels arc inoctivated by stretching (81). 

SIGNAL TRANSDUCTION MECHANISMS INVOLVING ION 
CHANNELS 

Many receptors found on SMs of the gastrointestinal tract exert their 
effects on the cell through hetcrotrimeric G-proteins. These in turn 
modulate the activity of enzymes (such as PLC, and protein kinases) and ion 
channels. Some, such as the P2X-receptor (a purinoceptor), combine a 
ligand-binding site and an ion channel (159), Many receptors for growth 
factors have tyrosine kinase activity, and some have been implicated In 
regulation of Ca2+ i (76, 178). Receptors can be divided conveniently into 
those binding signal molecules that cause contraction (excitatory 
receptors) and those binding signal molecules that cause relaxation 
(inhibitory receptors). The actions of signal molecules on ion channels in 
SM have been recently reviewed (11, 31). 



EXaTATORV RECEPTORS 
These are commonly associated with G proteins, which link the activated 
receptors to intracellular effector mechanisms. Many types of excitatory 
receptor are linked through Gq, GU, G14, or G16 to PLC-b, which, from 
phosphatidylinositol-l,4-bisphosphate, generates DAG and IP3. IP3 acts on 
receptors on the SR and possibly elsewhere to release calcium; this causes 
a rise in Ca2+lt, which hos secondary effects on other, colcium-octivated 
or -modulated, channels, i.e. potassium, chloride, and sometimes cation 
channels. Increased opening probability of the latter two causes 
depolarization, which allows more calcium to enter through 
voltage-dependent calcium channels, often because of increased action 
potential discharge (31). DAG stimulates the activity of protein kinase C 
(PKC), which in turn phosphorylates a number of proteins involved in signal 
transduction and contraction (85, 155, 224) and modulates the activity of 
some types of channel (77, 137, 216). Changes in the membrane potential con 
apparently affect the activity of PLC-b and the rate of IP3 production (62, 
97), as first shown by Best A Bolton (16). 

The isoform PLC-g is linked to receptors for growth factors which have 
intrinsic tyrosine kinase activity; activation of some G-protein-coupled 
receptors has been reported to cause phosphorylation of PLC-g in vascular 
SM (174). A rise in Ca2+ i stimulates PLA2 (145) or PLD (190), generating 
arachidonic acid or DAG (via phosphatidic acid), respectively; in addition 
to an effect of Ca2+ i, PLA2 activity (145) and PLD activity (190) can be 
regulated by several other pathways. Arachidonic acid, besides being a 
precursor for prostaglandins and related eicosanoids, has actions of its 
own on channel function (149, 162, 186), on tyrosine kinose activity (see 
e.g. 26), and on myosin phosphorylation (195). Phosphatidic and arachidonic 



acids con activate PLC-g (174). In recent years a targe number of small 
GTPases have been identified that are involved in cell signaling through 
downstream kinase cascades. Interactions between these signaling systems 
and trimeric G-protein systems are now being described (see e.g. 20). 

A common effect of the activation of 5-protein-linked excitatory 
receptors is the opening of cot ion channels. The most extensively studied 
cation channel in SM is found in the longitudinal muscle of the rabbit and 
guinea pig ileum (13, 93, 248). This current has an unusual current -voltage 
relationship: from its reversal potential at 0 m V to about -50 mV, the 
current increases in proportion to the increase in the electromotive force, 
but as negativity is further increased, the current progressively declines. 
Cation currents with similar current-voltage relationships have been found 
in canine gastric corpus (187), pylorus (221), and colonic muscle (120). In 
guinea pig ileum, the opening of the cation channels is gated by receptor 
activation via a pertussis toxin-sensitive S-protein link (94, 108), but 
opening probability is strongly increased by on increase in Ca2+ i (93). 
In rat ileum and canine gastric fundus, the cotton current may be gated by 
a rise in Ca2+ i concentration (96, 187). Single-channel conductance in 
canine colon SM was 30 pS (221). Submoximal activation of muscarinic 
receptors in guinea pig ileum results in oscillations of the cation current 
as a result of synchronous oscillations of Ca2+ i brought about by what 
appears to be alternating unloading and loading of calcium stores through 
the action of IP3 (107, 249). 

Activation of other receptors such as histamine may elicit a cotionic 
current (108). Caffeine has been described to open a cotionic channel 
directly (73). In many vascular muscles, cation channels are commonly 
opened by activation of excitatory receptors (6). Sometimes cation channels 
themselves allow significant amounts of calcium to enter; ATP opens cation 
channels, admitting calcium in bladder 5M (183). 

The release of calcium from stores within the cell produced when the 
PLC/IP3 system is stimulotcd has secondary effects on calcium -activated 
plasmalcmmo ion channels. The opening of calcium-activated cation channels 
has already been mentioned. In some gastrointestinal muscles, the rise in 
Ca2+ i also causes the opening of calcium-activated chloride (96, 225) and 
calcium-activated potassium (129, 188, 225) channels. Rcgulotion of ion 
channels in SM by colcium has recently been reviewed (31). 

A number of other effects on SM ion channels have been described. An 
A-type potassium current in colon and other SMs was blocked by arochidonic 
acid (149). Inhibition of an M-type potassium current due to activation of 
excitatory receptors caused depolarization, cn effect mediated by DAG and 
so far described only for toad gastric SM (36). Mammalian gastrointestinal 
SM potassium currents have also been described as being inhibited by 
excitatory receptor activation (114); in tracheal and colonic SM, BKCo 
channels are inhibited through a pertussis toxin-sensitive G protein (38, 
110, 111). In bladder and esophagus SM, an ATP-scnsitive potassium current 
is inhibited (24, 77). 

INHIBITORY RECEPTORS 
Inhibitory receptors (which cause relaxation or reduction in tension 
generation) are described as working largely through cAMP and cGMP 
kinases, 

which in turn phosphorylotc channels, enzymes, or membrane pumps. These 
actions reduce Ca2+ i by reducing calcium entry (through opening potassium 
channels and hyperpolarizotion) and by increasing calcium sequestration in 
stores and calcium extrusion from the cell (139, 173), possibly by 
increasing sodium-calcium exchange (142). In addition, effects on the 
relationship between tension generation and Ca2+ i ore likely (194: 
reviewed in 109). The actions of nitric oxide (147) and carbon monoxide 
(48, 210) were believed to be mediated via activation of guonylote cyclase 
to increase the cGMP concentration (84). Three types of potassium channels 
in canine colon, one of which was BKCo, were opened by nitric oxide, 
partially through an increase in the cGMP concentration (105). Some 
inhibitory receptors, such as those activated by calcitonin gene-related 
peptide or b-adrcnoceptor agonists, presumably accelerote the 
phosphorylation of the KATP (172, 244), BKCq (126), and delayed rectifier 
channels (1) by PKA through on increase in cAMP concentrations. In vascular 
muscle, increased opening of BKCo channels may be mediated by both cGMP 
phosphorylation (176, 207) and G-protcin mechanisms (121); PKC activation 
causes inhibition (137). In tracheal SM, Gs protein mediated 
cAMP-dcpcndent 

phosphorylation of BKCo channels and an increase in opening probability 
occur in response to b-adrcnoceptor activation (112, 177). In toad gastric 
muscle, b-receptor activation gates an M-typc current inhibited by 
excitatory muscarinic receptor activation (189). 

CALaUM-INTRACELLULAR EVENTS 



ELEMENTARY CALaUM RELEASE EVENTS 

Brief spontaneous transient increases in Ca2+ i as a result of release 
from stores were first detected in muscle cells by the opening of 
calcium-activated potassium channels, which gave rise to STOCs in 
voltage-clamped SM cells (12, 160). Spontaneous transient increases in 
Ca2+ i were later detected in cardiac (34) and skeletal (211) muscle by 
monitoring the fluorescence of the calcium indicator dye, f luo-3, 
introduced into the cell. The spontaneous localized transient increase in 
light emission from the fluorescent calcium indicator f luo-3 has been 
termed a calcium spark (34). In enzymatically dispersed SM cells from the 
longitudinal layer of the small intestine, the rise time of the spark is 
about 40 ms and sparks decay to half their maximum size within about 55 
ms; 

thus, the total event lasts about 200 ms at room temperature. Their width 
at half-maximum amplitude was about 2 mm, and the increase in resting 
fluorescence was 1.75-fold (69). In vascular SM cells, the rise time was 
about 20 ms and the peak increase in resting fluorescence was 3-fotd, which 
decayed to half-maximum size in about 25-50 ms (7, 138, 150). However, in 
intestinal SM cells, spontaneous calcium events shorter and smaller than 
sparks were observed, casting doubt on the notion that the spark is the 
elementary calcium event (69). 

STOCs in voltage- clomped single SM cells represent the opening of a 
few to a hundred calcium-activated large-conductance potassium channels 
(BKCa channels) (12). STOCs arc believed to represent periodic discharges 
of calcium from the calcium stores within the cell; the stores ore 
generally superficially situated, but in any cose the cells in the relaxed 
state are seldom more than 5 mm wide, so that sparks, because they are 
around 2 mm wide at half -maximum size, will be sufficiently close to the 
membrane to raise the free-calcium concentration above the threshold for 
the opening of substantial numbers of BKCa channels (138, 150). The 
evidence that STOCs arise in this way has been recently reviewed (23). 
STOCs con be up to 1 nA in size, which represents the opening of perhaps as 
many as 100 BKCa channels simultaneously, and they last less than 100 ms at 
half -maximum size (12, 23, 160). Recently, we have observed in small 
mesenteric artery cells spontaneous transient inward currents (STECs) due 
to ClCa channel opening, which were related to sparks (TB Bolton & DV 
Gordierko, unpublished data). 

The frequency of STOCs is strongly increased by depolarizing the cell 
(160), and it has been argued that they represent o response to overload of 
the calcium stores (12, 23), although there may also be a contribution from 
on increased sensitivity of the BKCa channels to internal ionized calcium 
brought about by the depolarization (14). In cardiac muscle, the frequency 
of sparks increased as the calcium loading of the SR was increased (34). 

CALaUM-INDUCED CALaUM RELEASE 
CICR involves o process whereby a rise in Ca2+ i triggers further calcium 
release from SR stores; this may happen when calcium enters the cell 
through voltage-dependent channels or when IP3 releases stored calcium, 
and 

it is probably important for the propagation of intracellular calcium 
waves. It has been suggested that Ca2+ i must exceed 1 mM for CICR to 
occur (87); the relationship of RyRs to the source of the calcium flux will 
be crucial in achieving this threshold concentration. cADP-ribose may ploy 
a role in CICR (102). In single isolated enzyme-'/o%7*treated%%% SM cells, 
CICR may be impaired compared to its action on the intact tissue. 
Depolarization of small intestine SM cells under voltage clamp evoked an 
inward followed by a transient outward current; the latter was abolished by 
acetylcholine or by caffeine, which deplete store calcium, suggesting that 
calcium entering through voltage -dependent channels releases stored 
calcium, which acts to open BKCa channels, transiently contributing to the 
outward current (12, 246, 247). CICR has also been described in bladder SM 
(61), The existence of CICR in portal vein SM cells has been denied (99), 
despite the findings in an earlier report (71). Evidence for limited CICR 
in coronary artery SM cells was found (63), Caffeine and acetylcholine also 
abolish STOCs, implying that sparks in SM arise by calcium release from the 
same store as that acted upon by entering calcium (12). In a careful study 
of calcium waves in cultured SM cells. Blatter A Wier (19) found that 
caffeine %%7otreatment%%% abolished propagation of the wove and 
concluded 

that CICR was crucial for this process. 



CALaUM WAVES 
A calcium wove may be defined as a transient rise in intracellular Ca2+ i 
which propagates within the cell. The velocity of propagation of calcium 



waves has been described to be in the range 10-50 mms-1 (19, 90, 127, 153, 
233), although recently higher vo!ues, up to 260 mms-1, hove been obtained 
(69): in these studies, the contribution of plasmalemmal electrical events 
was uncertain because the membrane potential was not controlled by voltage 
clamp. Since SM cells are often electrically excitable, as action 
potentials or slow waves propagate over the plasmalcmma, they will give 
rise to propagating calcium waves within the cell as a result of calcium 
entering through voltage-dependent calcium channels and triggering CICR 
from the subptosmalemmal SR. Action potentials propagate at about 5 cms-1 
(113), and slow waves propagate at about 1/10 of this velocity (180, 205). 
The much greater velocity of plasmalemma electrical events in SMs 
compared 

with intracellular calcium waves raises the question of the physiological 
importance of intracellular propagation of calcium waves in these long 
narrow cells. 

In an SAA tissue where action potential propagation occurs at 5 cms-1, 
all parts of o single cell longitudinally orientoted within the tissue wilt 
be excited on average within 10 ms even if the cct) is 500 mm long. There 
will follow 0 phase of calcium entry into the depolarized cell, which will 
last some tens of milliseconds: during this phase, CICR will occur from 
superficial stores beneath the plasmalemma (91, 92). It seems likely from 
work on longitudinal SM of guinea pig ileum that entering calcium may 
release further calcium from sites which, during the period of observation, 
have frequently discharged calcium sparks and have been referred to as 
frequent-discharge sites (PDSs) (69). These may be the same sites as those 
referred to as "hot spots," where Ca2+ i first rises in the cell during 
the upstroke of the action potential (91), There arc several FDSs, or hot 
spots, in any confocal plane through the cell, and it is from these that 
calcium waves spread throughout the cell (69, 91). The velocity of the 
calcium wave (30-260 mms-1) implies the presence of CICR since it is too 
high to be explained by simple diffusion; however, the calcium release 
sites involved in the calcium wave were not previously discharged by the 
entering calcium, yet are discharged by calcium release from an adjacent 
store site during calcium wave propagation (22). 

Estimates of intracellular calcium wave propagation velocity 
perpendicular to the plasmalemma in single contracted SM cells of the 
guinea pig small intestine, using the line-scan mode of confocal 
microscopy, gave values in the range 50-75 mms-1 at room temperature (69: 
TB Bolton A DV Gordlenko, unpublished results). In relaxed cells, no port 
of the cell is more than about 2 mm from the plasmalemma; this situation 
changes drastically upon contraction, and the question arises whether the 
SM cell has some spcciol feature of the arrangement of the SR calcium 
stores such that rapid radial calcium wave propagation can still occur when 
the cell is strongly contracted. Under some conditions, for example when 
the muscarinic receptor is activated, intracellular calcium waves may 
conceivably influence membrane electrical activity through ion channels 
(K+, CI-, or cation-selective) modulated or activated by calcium (115). 
These results and others indicate that, on occasions, not only do 
plasmalemmal electrical events trigger intracellular calcium waves but 
these in turn may also alter ptosmalemmal electrical activity in the SM 
cell. 

In SM cells, calcium waves that propagated through the cell could 
often be seen to originate from sites ot which sparks were discharged (69). 
Although it is attractive to suppose that calcium waves and more general 
increases in calcium concentrations in the cell are composed of multiple 
elementary events (28), this is difficult to test since sparks can be 
discerned only when the rise in calcium concentration during a wave is 
smalt or modest. The spark probably represents a brief opening of one or a 
small cluster of ryanodine channels, which release calcium from the SR 
(34). Open times of channels are generally not constant but are 
exponentially distributed with one (or perhaps more than one) mean open 
time: therefore, it is odd that the sparks should be relatively constant in 
size. Clearly, some mechanism exists that confers this property: it could 
involve a threshold and an all-or-none (positive-feedback) process. When 
conditions change, such as they might during a calcium wave when the 
ionized-colcium concentration in the vicinity of the channel greatly 
increases, the mean open time may increase or more complex changes in 
channel kinetics may occur Unfortunately, it is at just such times that it 
is difficult to visualize the component sparks, if they exist, and under 
these conditions calcium efflux through the open channel may be greater, 
perhaps proportional to the increase in channel open time, although with 
large increases in calcium efflux the calcium gradient might be expected to 
decline. RyR channels from skeletal and cardiac muscle increase their 
probability of the open state when Ca2+ is increased; whether the mean 
open time remains constant but the frequency of opening increases (as would 



be predicted if the spark were the elemental or quantal event underlying 
all SR calcium releases) has not been resolved (118, 191). 

SARCOPLASMIC RETICULUM 
RYANODINE RECEPTOR/CALaUM RELEASE CHANNEL 
Three isof orms of the RyR have been cloned and sequenced. Several 
alternatively spliced forms are known for each isoform. All have been 
described to be present in SMs, although the identity of the RyR types in 
individual SMs is just now beginning to be explored (66, 67, 123, 154). The 
RyR includes a cation channel which, after Isolation and reconstitution in 
bilayers, was found to be 7.4 times more permeoble to calcium than to 
potassium (234). Two types of RyR function are believed to exist: In 
skeletal muscle, a direct coupling of membrane depolarization to RyR 
channel opening is brought about by an association between a voltage- and 
dihydropyridine-sensitive calcium channel and the RyR; in cardiac muscle, o 
process of CICR occurs whereby calcium entering through these calcium 
channels triggers further calcium release through RyRs from the SR stores 
(203, 250). At present, such evidence as exists favors the notion that the 
situation in SM resembles that in cardiac muscle; however, a direct 
coupling such as that in skeletal muscle has by no means been eliminated as 
a possibility in all SMs, perhaps especially those which have been shown to 
have large inward sodium currents (see above). 

Spliced variants of the isof orms designated RyRl, RyR2, and RyR3 have 
been identified in various SMs including esophagus, stomach, and small 
intestine (presumably in the SM of these organs). There is likely to be a 
tissue-specific distribution of these isoforms, but the physiological 
significance of this is not yet apparent (67, 119, 128, 154). RyRs are 
distributed on both superficial and deep SR (123). 

Few electrophysiological studies exist concerning the behavior in 
bilayers of the isolated RyR channel from SMs (78, 239), but the evidence 
suggests that the channel probably behaves similarly to those from cardiac 
and skeletal muscles, where ryanodine and its anologs cause the channel to 
open and then be fixed in a partially open state or, at higher 
concentrations, to be blocked (208). Some SMs such as myometrium do not 
respond to caffeine by releasing calcium (124, 181, 182); this has been 
suggested to result from the expression of RyR3, which was observed to be 
insensitive to caffeine (66; but see 135). 

Caffeine or ryanodine con act on the RyR to deplete or reduce the 
amount of calcium in the stores and block CICR (246, 247), slowing the 
recovery of Ca2+ i following a calcium load (61). Application of 
ryonodine, which opens calcium channels in the SR (83), or inhibition of 
SERCA by cyclopiazonic acid (144, 169, 213) or thopsigargin (169; but see 
134) generally causes a rise In Ca2+ i end often in tension (213) in SM 
cells. It seems likely that the SR calcium pump is continuously active, 
perhaps especially if channels are opened in the 5R through which calcium 
can escape to increase Ca2+ I in its vicinity (199). 7o7o7oTrcatment%%% with 
ryanodine and then caffeine results in a persistent increase in Ca2+ i and 
tension in SM of gastric ontrum (35): this 7o7o7otreatment%%7o probably 
fixes 

the RyR channels in the open state so that no calcium can be stored. 
Readmission of calcium to SMs where the calcium stores have been depleted 
causes contraction which is delayed compared to when the calcium stores 
arc 

full, presumobly because calcium is first taken up to fill the empty stores 
and this initially reduces the amounts reaching the contractile proteins 
(82, 214). Superficial stores fill more rapidly than deeper ones (27, 64). 
However, 7o7<,7otreatment%7o7o with caffeine or ryanodine to deplete SR 
calcium 

stores docs not accelerate the removal of a calcium load in toad gastric 
myocytes (133), and a similar result was obtained, after 
7o%7<.treatment7o7o7o 

with cyclopiazonic acid or thopsigargin, which should inhibit filling of 
the SR stores (134). 

The postulated vectorial transport of calcium by the plasmalemma (116, 
214) presumably depends on calcium being present in the superficial SR and 
its continual extrusion from this into the 10-nm space between the 
plasmolcmmo (or cavcolor) membrane and superficial SR outer membrane; 
from 

here it Is suggested to bind to the Na+/Ca2+ exchanger and to be extruded 
to the exterior. When the calcium stores under the plasmalemma are 
rendered inoperative, it would be expected that the total capacity of 
processes to remove calcium from the cell would be reduced, and the Ca2+ i 
deep in the cell (which represents an equilibrium between these processes 
and calcium entering the cell) would be expected to rise. However, the 
Ca2+ i immediately below the plasmalemma, between it end the superficial 



SR, would be predicted to fall when the SR calcium store is depleted, since 
vectorial calcium transport to the exterior will cease; the predicted foil 
in subplasmolemmal Cq2+ i provides on explanation for the reduction in 
calcium-activated potassium current evoked upon depolarization when 
ryanodine (204), cyclopiazonic acid (98), or thapsigargin (61) is applied 
to SM cells, as well as the depolarization of the resting potential (125, 
213) if this current normally makes a contribution. Conversely, an increase 
in this current is seen when SERCA is stimulated by nitric oxide, sodium 
nitroprusside, or sin-1 (98), which are believed to increase cGMP; 
membrane-permeable analogs of cSAAP have a similar effect. If 
calcium-activated potassium channels can make a contribution to the resting 
membrane potential, they also provide an explanation for the relaxation 
caused by sodium nitroprusside and other nitric oxide donors (68, 168, 
169). However, the relaxant effect of b-receptor activation is unaffected 
by ryanodine depletion of the calcium stores, suggesting that cAMP does not 
modulate SERCA (83). 

Some observations are not consistent with the vectorial transport of 
calcium via superficial SR stores and Na/Ca exchanger to the exterior. 
Following a calcium load (induced by opening of voltage-dependent calcium 
channels) applied to single voltage-clamped toad gastric SM cells, the rate 
of fall of CaZ* i is not affected by cyclopiazonic acid, thapsigargin, 
caffeine, or ryanodine (133, 134). It is. however, decreased under 
conditions where the ability of the Na/Ca exchanger to extrude calcium 
would be impaired, such as when the sodium gradient is reversed or 
abolished. These results argue that Na/Ca exchongc is important 
quantitatively in removing a calcium load, at least in some SMs (but not 
guinea pig colonic SM, 132), and that most of the calcium it extrudes does 
not pass obligatorily through the superficial SR calcium stores. 

When the calcium stores are empty, calcium entry may increase owing to 
activation of a calcium entry pathway (calcium release-activated channels), 
which is insensitive to organic calcium entry blockers. A similar effect 
can be produced if calcium stores are depleted by activating receptors, 
which increases IP3 production, or if cyclopiazonic acid or thapsigargin is 
used to inhibit SERCA (148, 164, 169, 227). 

Mitochondria also ploy a significant rote in the calcium economy of 
the SM cell. They take up calcium following a calcium load applied to the 
cell, and this process is slowed by mitochondrial inhibitors or inhibitors 
of calmodulin-dependent PKII (42, 70, 133, 134). 

INOSITOL TRISPH05PHATH CALaUM RELEASE CHANNEL 
When many S-protein-linkcd receptors are activated, IP3 is formed in 
increased amounts through stimulation of PLC activity. Three types of IP3 
receptor hove been reported to be present in SM (95, 143). IP3 receptors 
arc distributed on both superficial and deep SR (157), and in intestinal SM 
about 10 times more IP3 receptors than RyRs were found by cell 
fractionation and binding studies (232). The action of IP3 on its receptor 
is blocked by heparin, which does not block and may potentiate, the opening 
of RyR receptors. In bi layers, the IP3 receptor calcium channel has o 
conductance in quasi-physiological calcium gradients, of 30-50 pS, 
depending on whether a lipid bi layer was seeded with purified receptor 
(131) or with a microsomal preparation containing the receptor (17). SM 
microsomes from canine aorta gave a lower value under different conditions 
(43). It has been calculated that the current through the channel under 
physiological conditions might be 0.5 pA (17). Its opening in response to 
IP3 is potentiated by low and inhibited by high concentrations of calcium 
(17, 18, 88). Cytoplasmic calcium and IP3 synergize in opening the 
IP3-rcceptor channel (79). ATP also potentiates the opening of the channel 
(89). The potentiating effect of SR luminal Ca2+ on IP3-mediatcd calcium 
release may contribute to the phenomenon whereby the long-lasting 
application of submaximally effective concentrations of IP3 does not 
release all stored calcium (so-called quantal calcium release) even if 
SERCA is inhibited by thapsigargin and the Ca2* i is heavily buffered 
(166). In such experiments, it is necessary to be certain that all SR 
calcium pumps have been completely inhibited, because the simultaneous 
operation of the SERCA pump with the opening of calcium channels in the SR 
can produce an equilibrium situation (199); this has been suggested to 
provide an explanation for the phenomenon of quanta! release in the case of 
the RyR. A number of other explanations have been proffered for quantal 
release (25, 166). Further properties of the IP3 receptor channel have been 
reviewed (17). 

In single cells, oscillations of Ca2+ i can be observed in response 
to activation of S- protein-linked receptors that generate IP3. These 
oscillations can also be observed when the membrane potential of single 
cells is voltage clamped; therefore, the oscillation presumably docs not 
involve potential-dependent plasmalemma channels but originates in the 
interior of the cell and involves the SR. The oscillations in response to 



muscarinic receptor activation can be monitored by the change in size of 
the cationic current, which is modulated by Ca2+ i. Photolytic release of 
IP3 from an inert precursor at different times with respect to the 
oscillations of Ca2+ i suggested that IP3 was able to release calcium from 
the SR when Ca2+ i was low (and the level of calcium in the SR high) and 
was not able to release it when Ca2+ i was high (and the level of calcium 
in the SR lower) (107, 249). It seemed possible that while IP3 production 
may be steady, the release of a small amount of calcium from the SR results 
in a potentiation of the action of IP3 on the SR and further calcium 
release; a regenerative system is thereby formed which may release most of 
the SR calcium content, at which point calcium release will cease and Ca2+ 
i will fall as the SR fills (107). Essentially similar conclusions hove 
been reached on the basis of other types of experiment (90). 

It has been suggested that IP3 receptors occur in clusters and that 
some form of concerted opening of the channels within a cluster occurs to 
produce "puffs;" smaller increases in Ca2+ i that were detected ("blips") 
could represent openings of single IP3 receptor calcium channels (165). 
Binding studies indicate that in intestinal SM there are about 10 times 
more IP3 receptors than RyRs (232). However, the relationship between 
these 

and their locations on the SR or elsewhere is imperfectly known or 
understood. In guinea pig longitudinal intestinal muscle, where 
IP3 -mediated oscillations in Ca2+ i readily occur in response to 
activation of various plasmalemmo receptors, simitar oscillations are not 
seen in response to caffeine (107, 249). The STOC frequency may be 
increased by lower concentrations of caffeine, and STOCs may be regarded 
as 

a type of (irregular) osci Motion; more regular oscillations occur in other 
SMs in response to caffeine (101, 122). Possibly, calcium potentiates the 
opening of RyR channels at a higher concentration than is required to 
potentiate the opening of IP3 calcium channels in the SR. 

SUMMARY AND CONCLUSIONS 
Contraction or tension generation by SMs generally involves some form of 
depolarization of the membrane, which admits more calcium into the cett 
through voltage-dependent calcium channels; hypcrpolarization has the 
opposite effect and is associated with reloxotion of existing tension. In 
gastrointestinal SMs, depolarization occurs through the discharge of action 
potentials or slow waves, although slower depolarization may occur on 
occasion. Receptor activation triggers other mechanisms that raise Ca2+ i: 
the most important of these is the PLC/IP3/DAG system; calcium may also 
enter through channels opened by receptor activation or stretch. Receptors 
for excitatory signal molecules arc mostly G protein coupled and may 
modulate ion channel activity directly (and thus electrical activity) or 
via phosphorylation. In addition, a number of receptors are known to 
activate tyrosine kinases directly without the intervention of 6 proteins 
and to interact with S protein-coupled systems. Although a change in Ca2+ 
i is the most important mechanism for the control of tension, other G 
protein- and kinase-mediated mechanisms arc able to modulate or even 
perhaps initiate tension generation, or to inhibit it, producing 
relaxation. 

The .plasmalemmo of the SM cell appears to hove two domains; One of 
these acts, as an anchor site for the contractile proteins, and the other 
may be the location of most of the ion channels and ion pumps; the latter 
hos the coveoloe and is related to the SR. These two domains exist as 
parallel longitudinal stripes on the ptasmalemmo. SR is reported to be 
superficially located in phasic SMs but to be more extensive and located 
centrally in tonic SMs. which do not readily generate action potentials and 
generally show only slow changes in potential. 

The rise in Ca2+ i produced by calcium entry into the cell, or 
perhaps by the action of IP3 produced as a result of receptor activation, 
may trigger further calcium release from calcium stores in the cell by a 
CICR process. The main calcium stores ore believed to exist in the SR, 
although mitochondria also have a storage role. The SR has both RyRs and 
IP3 receptors. Spontaneous calcium discharges (sparks) occur in certain 
preferred locations, the FDSs; sparks give rise to STOCs and/or STlCs. 
Recent evidence suggests that in phasic SMs generating action potentials 
and/or slow waves, RyRs ore located in relation to calcium fluxes such 
that, during calcium entry through voltage-dependent calcium channels, a 
high Ca2+ i is achieved in their vicinity, resulting in CICR. Calcium 
entering the cell through voltogc-depcndent calcium channels triggers 
calcium release first from hot spots, which may be identical to FDSs; from 
these, a calcium wave spreads to other parts of the cell by CICR. IP3 
receptors, when activated, may create sufficient calcium flux from the SR 
for CICR also to occur. 

The level of Ca2+ i can feed bock to affect plasmalcmmal electrical 



activity by increasing the probability of opening of calcium-activated K+, 
Cl+, and cation channels. There is also evidence that the state of filling 
of the coicium stores in the SR may modulate colcium-Qctivoted K* channel 
activity in the plasmalemma and that when SR calcium storage is increased, 
the outward BKCa current is also increased. These effects may be 
manifestotions of the vectorial transport of calcium by the SR to the 
exterior across the narrow gap between it and the plasmalemma, although 
not 

all observations are consistent with this interpretation. 
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The transcriptional, posttronscriptional, and related functional effects 
of thyroid hormone on primate myocardium are poorly understood. 
Therefore, 

we studied the effects of thyroid hormone on sarcoplasmic reticulum (SR) 
Ca 

SUP 2 SUP + -cycling proteins and myosin heavy chain (MHC) composition at 
the steady state mRNA and protein level and associated alterations of left 
ventricular (LV) performance in 8 chronically instrumented baboons. The 
force-frequency and relaxation-frequency relations were assessed as the 
response of LV isovolumic contraction (dP/dt SUB m SUB a SUB x ) and 
relaxation (Tau), respectively, to incremental atrial pacing. Both the 
%%7oheart%7o% rate at which dP/dt SUB m SUB a SUB x was maximal and 
Tau was 

minimal (critical 7o7o7o heart %7o% rates) in response to pacing were 
i ncreased 

significantly after thyroid hormone. Postmortem LV tissue from 5 thyroid- 
7o7o7otreated7o7o7o and 4 additional control baboons was assayed for steady 
state 

mRNA levels with cDNA probes to MHC isoforms and SR Ca SUP 2 SUP ♦ 
-cycling 

proteins. Steady state SR Ca SUP 2 SUP * -ATPase and 
7o7o7ophospholamban7o7o% 

mRNA increased in the hyperthyroid state, and alpha -MHC mRNA 
appeared de 

novo, whereas beta -MHC mRNA decreased. Western analysis (4 
thyroid- 

7o7o7otreated7o7o% and 4 control baboons) showed directional ly similar 
changes 

in MHC isoforms and a slight increase in SR Ca SUP 2 SUP + -ATPase. In 
contrast, there was a statistically nonsignificant decrease in 
7o7o7ephosphotamban7o7o7o protein, which resulted in a significant 407* 
decrease 

in the ratio of 7o%%phospholamban7o7<,7o to SR Co SUP 2 SUP + - ATPase. 
Thus, 

thyroid hormone increases the transcription of Ca SUP 2 SUP + -cycling 
proteins ond shifts MHC isoform expression in the primate LV. Our data 
suggest that both transcriptional and posttranslotionol mechanisms 
determine the levels of these proteins in the hyperthyroid primate 
7o7o7oheart7o7o% and mediate, in port, the observed enhanced basal 
and 

frequency-dependent LV performance. 
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Effects of pretreatment with L-propionylcarnitine (50 mg/kg, n = 9) or 
saline (n = 10) were studied in open-chest anesthetized pigs, in which 
ischemia was induced by decreasing left anterior descending coronary artery 
blood flow to 207o of baseline. After 60 min of ischemia, myocardium was 
reperfused for 2 h. In both groups, flow reduction abolished contractile 
function of the affected myocardium and caused similar decreases in ATP 
(by 

557o) and energy charge [(ATP + 0.5ADP)/(ATP + ADP + AMP); decrease 
from 

0.91 to 0.60], mean arterial blood pressure (by 10-247o), the maximum rate 
of rise in left ventricular pressure (by 26-327<>), and cardiac output (by 
20-307o). During reperfusion, "no-reflow" was attenuated by 
L-propionylcarnitine, because myocardial blood flow returned to 61 and 827o 
of baseline in the saline- and L-propionylcarnitine-7o7o%treated7o7o7o 
animals, 

respectively. Cardiac output of the saline- 7o7oyotreated7o7o7o animals 
further 

decreased (to 52 7o of baseline), and systemic vascular resistance increased 
from 46 +/- 3 to 61 +/- 9 mmHg.min.l-1, thereby maintaining arterial blood 
pressure. In L-propionylcarnitine-7o7o7otreated7o7<»7o pigs, cardiac output 
remained at 757o of baseline, and systemic vascular resistance decreased 
from 42 +/- 3 to 38 +/- 4 mmHg.min.l-1. In both groups, energy charge but 
not the ATP level of the ischemic-reperfused myocardium tended to 
recover, 

whereas the creatine phosphate level showed significantly more recovery in 
Saline-7o7e7otreated7o7o7o animals. We conclude that 
L-propionylcarnitine 

partially preserved vascular patency in ischemic-reperfused porcine 
myocardium but had no immediate effect on "myocardial stunning." Potential 
markers for long-term recovery were not affected by L-propionylcarnitine. 
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Th^i^^^^oplasmic reticulum (SR) and the contractile protein myosin play 
an impopt^t role in myocardial performance. Both of these systems exhibit 
plasticity^iT^jteuantitative and/or qualitative reorganization during 
development o^^nj ^ ^ p onse to stress. Recent studies indicate that SR Co 2+ 
uptake function i^roj^^p^lrj^^^^ive cardiac hypertrophy and 
7o%7ofailure7o7o7o . The mo ^^^^^^^^^^^^^^ hdrphehotvpi £ V f o r these 
changes is not understood. In an cf fort to'tJetermirfc the underlying causes 
of these changes, we characterized the rabbit cardiac Ca2+-ATPasc 
phenotype 



by molecular cloning and ribonuclcosc A mapping analysis. Our results show 
that the %%% heart %%% muscle expresses only the slow- twitch SR 
CQ2+-ATPase 

isoform. Second, we quantitated the steady-state mRNA levels of two 
major 

SR Ca2+ regulatory proteins, the Ca2+-ATPase and 
%%%phospho lamban%%% , to 

see whether changes in mRNA content might provide insight into the basis 
for functionol modification in the SR of hypertrophied hearts. In response 
to pressure overload hypertrophy, the relative level of the 
slow- twitch/cardiac SR Ca2+-AT?ase mRNA was decreased to 34% of 
control at 

1 week. The relative Co2+-AT?ase mRNA level increased to 1677(.of 
control 

after 3 days of %%%treatmcnt%%% with thyroid hormone. In contrast, 
in 

hypothyroid animals, the relative Ca2+-ATPase mRNA level decreased to 
51% 

of control at 2 weeks. The relative level of %%%phospholamban%%%> mRNA 
was 

decreased to 36% in 1-week pressure overload. Hyperthyroidism induced a 
decrease to 61% in the 7o%%phospholamban%%%, mRNA level after 3 
days of 

%7o%treatment%%%, while hypothyroidism had virtually no effect on 
%7o%phosphoiamban%%7<» mRNA levels. These dato indicate that the 
expression of 

SR Ca2+-ATPasc and %%%phospholamban7o%yo mRNA may not be 
coord inotely 

regulated during myocardial adaptation to different physiological 
conditions. 
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Frequency dependent force g'cncration correlates with sarcoplasmic 

%%^/ocalcium%%% ATPase activity in human myocardium. 
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AUTHOR ADDRESS: (a)Lab. Muscle Res. Mol. Cardiol., Klinik III Innere 
Med., 

Univ. Koeln. Joseph-Stelzmonn-Str. 9, 50**Gcrmany 
JOURNAL: Basic Research in Cardiology 93 (5):p405-411 Oct., 
%%%1998%%% 
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ABSTRACT: Objective: In congestive 7o%7oheart%%% 7o7o7ofailurc7o7o7o 
botl^a , 

decrcdlcd function of the sarcoplasmic Ca2+-ATPasc and negative 
force %ie^ucncy relationship have been shown. This study aimed to 
i n vest i got to- possible relationship between frequency potentiation, 
sarcoplasmic £a2+- ATPase activity, and 5ERCA2 protein expression in 
human ■ v : 

myocardium. Methods': Frequency potentiation was studied in electrically 
stimulated, isometric, left ventricular pafjiNa^im^^^ 

preparations (37 degreeC, 0.5 3.0 Hz) from termTnolly failing (NY HA IV; n 
= 5, dilated cardiomyopathy) and nonf ailing (donor hearts, n = 5) human 
myocardium. In the idcnticol samples the Ca2+-ATPQSC activity (NADH 
coupled assay) and the protein expression of sarcoplasmic Ca2+-ATPase 
(5ERCA2), 7o7o7ophospholamban7o7o7o, and calsequestrin (western blot) were 
determined. The frequency dependent change in the force of 
7o7o7t,contraction7o7o7o and Vmax of the Ca2+- ATPase activity and the 
protein 

expression of 5ERCA2 were correlated with each other. Results: In 
terminally failing myocardium the force-frequency relationship was 
negative (2.0 Hz vs. 0.5 Hz: -0.2 *- 0.1 DELTAmN) contrasting a positive 
rate dependent potentiation of force In nonfailing tissue (2.0 Hz vs. 0.5 
Hz: ♦O.S +- 0.2 DELTAmN; p < 0.01). In failing myocardium the 
corresponding maximal sarcoplasmic Ca2+- ATPase activity (Vmax) was 
reduced significantly compared to nonfailing myocardium (174 +- 24 vs. 
296 +- 31 nmol 7o7o7,ATP7<.7o7o/mgcntdotmin, p < 0.01). The protein 
expression 

of 5ERCA2, 7e,7o7ophospholamban7o7o7o, and calsequestrin remained 
unchanged in 

failing myocardium. The maximal Ca2+-ATPase activity significantly 
correlated with the frequency dependent change in force of 
7c%7»contraction%7o7o (2 Hz vs. 0.5 Hz: r = 0.88, p = 0.001; 3 Hz vs. 0.5 Hz: 
r = 0.84, p = 0.004). No correlation between protein expression of 5ERCA2 
and Ca2+ ATPase activity or change in force of 7<>7*7ocontractton7o7o7o was 
observed. Conclusion: Due to a significant correlation between 



sarcoplasmic Ca2+AT?asc activity and frequency potentiation, the negative 
rote dependent force potentiation in human %%%hcart%%% 
%%%failure%%% 
could be at least in part be attributed to decreased function of the 
sarcoplasmic Ca2+-ATPase. 
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Ca-2+-transporting ATPAsc, yo%%phospholamban%7o%, and calsequestrin 
levels in 

nonf ailing and failing human myocardium. 
AUTHOR'. AAovsesian Matthew A(a); Karimi Mohsen; Green Karen; Jones 
Larry R 

AUTHOR ADDRESS: (a)Cardiol. Div., Room 4A-100, Univ. Utah Health Sci. 
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ABSTRACT: Background: Observations of abnormalities in the diastolic 
components of intraccllutar Ca-2+ transients in failing human left 
ventricular myocardium have raised the possibility that reductions in the 
level or function of sarcoplasmic reticulum proteins involved in Ca-2+ 
transport contribute to the pathophysiology of dilated cardiomyopathy in 
humans. Functional assays, however, hove revealed no differences in 
yo%%ATP%%%-dependent Ca-2+ transport or its modulation by 
%%%phospholamban%%7(> in sarcoplasmic rcticulum-enriched microsomes 
prepared from nonf oiling and failing human left ventricular myocardium. 
The purpose of the present study was to quantify protein levels of 
Ca-2+-transporting ATPase, %%%phospholamban%%7o, and calsequestrin 
directly in nonfailing and failing human left ventricular myocardium. 
Methods and Results: Total protein extracts were prepared from nonfailing 
left ventricular myocardium from the hearts of unmatched organ donors 
with normal left ventricular %%%contractility7o%% (n = 6) and from failing 
left ventricular myocardium from the excised hearts of transplant 
recipients with class IV %7o7oheart%7o% %%7cfailure7o%% resulting from 
idiopathic dilated cardiomyopathy (n = 6). Co-2+-transporting ATPase, 
7o7o7c.phospholamban7o7o7o, and calsequestrin contents were determined by 
quantitative immunoblotting with monoclonal and affinity-purified 
polyclonal antibodies. The levels of the three proteins were identical in 
nonfailing and failing human left ventricular myocardium. Conclusions: 
These results indicate that protein levels of Ca-2+-transporting ATPase, 
7<>%%phospholamban7o%7o, and calsequestrin are not diminished in failing 
human left ventricular myocardium and that downregulation of the 
Ca-2+-transporting ATPase and 7o7o7ophospholomban7o7o7o is not part of the 
molecular pathophysiology of dilated cardiomyopathy in humans. 
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Abstract: Background The aim of the present study was to investigate 
whether Ca2+ uptake into the sarcoplasmic reticulum (SR) is altered in 
failing human myocardium resulting from dilated cardiomyopathy. 

Methods and Results Ca2+-ATPase (SERCA II) activity and 
Ca2+ -dependent Ca-45(2+) uptake (oxalate supported, steady state) in 
isolated vesicles from the SR (VSR) and in crude membrane preparations 
(CSR) (free Ca2+, 0.01 to 100 mu mol/L) from nonfailing (donor hearts, 
n=13) and terminally failing (7o7o7o heart 7o7o7o transplants, dilated 
cardiomyopathy, n=17) human myocardium were studied. In the same 
hearts, protein levels (Western blot analysis) and mRNA levels 
(Northern blot analysis) of SERCA II and 7o7<>7<,phospholamban7o7o7o were 
measured. Increasing concentrations of Ca2+ were followed by an 
increased Ca2+ -ATPase activity and Ca2+ uptake. Ca2+ uptake activity 
and Ca2+-ATPase activity in CSR preparations from failing myocardium 
were significantly reduced compared with nonfailing hearts 
(Ca2+-ATPase, 163+/-8 and 125*/-7 nmol 7=7e7oATP7o7o7<,/mg protein per 
minute 

for nonfailing tissue and failing tissue in New York 7o7e7*Heart7o7o7o 
Association [NYHA] class IV, respectively; Ca2+ uptake, 7.1+/-0.8 and 
3.5+/-0.3 nmol/mg protein per minute in CSR from nonfailing and NYHA 
class IV hearts, respectively; P<.05). In contrast, no significant 
difference was measured in VSR. In the same preparations (CSR and 
VSR), 

both SERCA II and %7o7ophospholamban7c7o7o levels (Western blot 
technique 

with monoclonal antibodies) were unchanged in failing compared with 
nonfailing tissue. mRNA expression relative to GAPDH mRNA for SERCA 
Ila 

and for 7o7o%phospholamban7o7o7o was significantly reduced in failing 
human 

myocardium (P<.05). 

Conclusions These findings provide evidence that in failing human 
myocardium caused by dilated cardiomyopathy, protein levels of SERCA II 
and 7o7o7ophospholamban7o7o7o are unchanged even though mRNA levels for 
SERCA 

II and 7o7<.7ophospholamban7o7o7o and the SERCA II function are reduced 
compared with nonfailing myocardium. 

8/7/4 (Item 2 from file: 34) 
DIALOG(R)File 34:SciSearch(R) Cited Ref Sci 
(c) 2003 Inst for Sci Info. All rts. reserv. 

03575402 Genuine Article#: PP071 Number of References: 59 
Title; ENERGETIC MODULATION OF CARDIAC INOTROPISM AND 
SARCOPLASMIC 

RETICULAR CA2+ UPTAKE 
Author(s): MALLET RT; BUNGER R 

Corporate Source; UNIV N TEXAS,HLTH SCI CTR,DEPT PHYSIOL,3500 
CAMP BOWIE 

BLVD/FT WORTH//TX/76107; UNIFORMED SERV UNIV HLTH Sa,F 
EDWARD HEBERT 

SCH MED,DEPT PHYSIOL/BETHESDA//MD/20814 
Journal: BIOCHIMICA ET BIOPHYSICA ACTA -MOLECULAR CELL 
RESEARCH, %7o%19947o7o7c 
, V1224, Nl (OCT 20), P22-32 
ISSN; 0167-4889 

Language: ENGLISH Document Type: ARTICLE 

Abstract; Myocardial 7o7o7ocontractile7o7o7o performance is a function of 
sarcoplasmic reticular Ca2+ uptake and release. Ca2+ handling is 
7o7o7oATP7o7o7o-dependent and can account for up to 407o of total 

myocardial 

energy expenditure. We tested the hypothesis that the thermodynamics 

of 

the cytosolic adenylate system can modulate sarcoplasmic reticular Ca2+ 
handling and hence function in intact 7o7o7oheart7o7o7c.. Cellular energy 
level was experimentally manipulated by perfusing isolated working 
guinea-pig hearts with substrate-free medium or media fortified with 
lactate and/or pyruvate as the main energy substrate. Left ventricular 
7o7c,7<,contractilc7o7o7o function was judged by stroke work and 
intraventricular dP/dt. Cytosolic energy level was indexed by measured 
creatine kinase reactants. Relative to 5 mM lactate, 5 mM pyruvate 
increased left ventricular stroke work, dP/dt(max), and dP/dt(min), 
while lowering left ventricular end-diastolic pressure at physiological 



left atrial and aortic pressures. Pyruvate also doubled cytosolic 
phosphorylation potenticis and increased [%%7oATP7o7oyt.]/[ADP] ratio: 
this 

energetic enhancement distinguishes pyruvate from inotropic stimulation 
by catecholamines, which arc known to decreosc cytosolic energy level 
in perfused %%%heart%%%. Sarcoplasmic reticular Co 2+ handling wos 
assessed in hearts pre labeled with Ca- 45, subjected to Ca-45 washout in 
the presence of different cytosolic energy levels, then stimulated with 
10 mM caffeine to release residual sarcoplasmic reticular Co-45. When 
ryanodine (1 mu M) was applied to open Ca2+ channels and thereby 
released Ca-45 from the sarcoplasmic reticulum during washout, 
caffeine-stimulated Ca-45 release was decreased 96%, demonstrating 
that 

virtually the entire caffeine-sensitive Ca-45 pool was located in the 
sarcoplasmic reticulum. In detailed comparisons of pyruvate-cnergized 
vs. substratc-f rce deenergized hearts, an inverse relationship between 
cytosolic energy level and coffeine-mobilized Ca-45 pool size was 
observed. Thus, caffeine -induced Ca-45 release was decreased 60% by 
pyruvate energization and increased 2.5-fold by substrate- free 
deenergization. Taken together, these results support the hypothesis 
that enhancement of myocardial inotropism by energy-yielding substrate 
is mediated by increased sarcoplasmic reticular Ca2+ loading/release. 
Thus we propose that the known control of sarcoplasmic reticular Ca2+ 
turnover by the protein kinase/%.%%phospholamban%%% system can be 
modulated by cytosolic energy level. 
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Myocardial %7o%.contracttlity%7o% depends on Casup 2sup + release from 
and 

uptake into the sarcoplasmic reticulum (SR). The Casup 2sup + gradient 
between the SR matrix and the cytosol (SR Casup 2sup ♦ gradient) is 
maintained by the SR Casup 2sup +-ATPase using the free energy available 
from hydrolysis of 7«7o7oATP%7o%. The activity of the SR Casup 2 sup 
+-ATPase is 

not only dependent on the energy state of the cell but is also kinctically 
regulated by SR proteins such as 7o7o7ophospholamban7o7o7*. To evaluate the 
importance of thermodynamic and kinetic regulation of the SR Casup 2sup + 
gradient, we examined the relationship between the energy available from 
%%%ATT'%%% hydrolysis (DeItaG(%%%ATP%%%)) and the energy required 
for 

maintenance of the SR Casup 2sup + gradient (DeltaG(Ca2+SR)) during 
physiological and pathological manipulations that alter 
DeltaG(%7o%ATP%%%) 

and the phosphorylation state of 7o%%phospholamban7o7o7o. We used our 
previously developed sup Isup 9F nuclear magnetic resonance method to 
measure the ionized [Casup 2sup +] in the SR of Langcndorff- perfused 
rabbit hearts. We found that addition of either pyruvate or isoproterenol 
resulted in an increase in left ventricular developed pressure and an 
increase in [Casup 2+](SR). Pyruvate increased DeltaG(7o7o7oATP7o7o7o), and 
the 

increase in the SR Casup 2sup + gradient was matched to the increase in 
DeltaGC%%%ATP%7c%); DcltaG(7«,%%ATP%%%) increased from 58.3 +/- 0.5 
to 60.4 

>/- l.O kJ/mol (P < 0.05), and DeltaG(Ca2+SR) increased from 47.1+/-0.3 to 
48.5+/-0.1 kJ/mol (P < 0.05). In contrast, the increase in the SR Casup 
2sup + gradient in the presence of isoproterenol occurred despite a decline 
in DcltaG(7«7o%ATP%%7<,) from 58.3+/-0.5 to 55.8+/-0.6 kj/mol. Thus, the 



data 

indicate that the SR Casup 2sup ♦ gradient con be increased by an increase 
in DeltaG(7o7o7oATP7o7*7o), and that the positive inotropic effect of pyruvate 
can be explained by improved energy- 1 inked SR Casup 2sup + handling, 
whereas the results with isoproterenol are consistent with removal of the 
kinetic limitation of 7o7o7c.phospholamban7o7*7o on the activity of the 
sarcoplasmic/endoplasmic reticulum Casup 2sup +-ATPase, which allows the 
SR 

Casup 2sup + gradient to move closer to its thermodynamic limit. Ischemia 
decreases DeltaG(%7o%ATP7o7o7<,), and this should also have an effect on SR 
Casup 2sup + handling. During 30 minutes of ischemia, Delta{7o7o7oATP7o7e7o) 
decreased by 12 kJ/mol, but the decrease in DeltaG(Ca2+SR) was 16 kJ/mol, 
greater than would be predicted by the fall in DeltaG(7o7o7oATP7o7o7o) and 
consistent with increased SR Casup 2sup + release and increased SR Casup 
2sup + cycling. Because ischemic preconditioning is reported to decrease SR 
Casup 2sup + cycling during a subsequent sustained period of ischemia, we 
examined whether ischemic preconditioning affects the relationship 
between 

the fall in DeltaG{%%7oATP7*7o%) and the fall in DeltaG{Ca2*SR) during 
ischemia. We found that preconditioning attenuated the fall in 
DeltaG(Ca2+SR) during ischemia; the fall in DeltaG(Ca2+SR) was of 
comparable magnitude to the fall in DeltaG(7o7o7oATP7«7e7»), and this was 
associated with a significant improvement in functional recovery during 
reperfusion. The data suggest that there is both thermodynamic regulation 
of the SR Casup 2sup + gradient by DeltaG(%%%ATP%%%) and kinetic 
regulation, which can alter the relationship between DeltaG(7o7o7oATP7»7o7o) 
and 

DeltaG(Ca2+SR). 
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7o7o7oPhospholamban7o7o7o ablation is associated with significant increases 
in 

the sarcoplasmic reticulum Casup 2sup +-ATPase activity and the basal 
cardiac 7o7o7ocontractilc7t,7<,7o parameters. To determine whether the 
observed 

phenotypc is due to loss of 7o7o7ophospholamban7o7o7o clone or to 
accompanying 

compensatory mechanisms, hearts from 7o7o7ophospholamban7»7o7o-def ictcnt 
and 

age-matched wild- type mice were characterized in parallel. There were no 
morphological alterations detected at the light microscope level. 
Assessment of the protein levels of the cardiac sarcoplasmic reticulum 
Casup 2sup +-ATPase, calsequestrin, myosin, actin, troponin I, and troponin 
T revealed no significant differences between 
7o 7o 7op hos p ho lam ban7o7o7o -deficient 

and wild-type hearts. However, the ryanodine receptor protein levels were 
significantly decreased (257e) upon ablation of 7«7o7ophospholamban7«7o7o, 
probably in an attempt to regulate the release of Casup 2 sup + from the 
sarcoplasmic reticulum, which had a significantly higher diastolic Casup 
2sup + content in %7o7ophospholamban7o%7o-def icient compared with 
wild-type 

hearts (16.0+/-2.2 versus 8.6+/-1.0 mmol Casup 2sup +/kg dry wt, 
respectively). The increases in Casup 2sup + content were specific to 
junctional sarcoplasmic reticulum stores, as there were no alterations in 
the Casup 2sup ♦ content of the mitochondria or A band. Assessment of 
7e7o7oATP7o7o7o levels revealed no alterations, although oxygen consumption 
increased (1.6-fold) to meet the increased 7<,7o7«AT?7o7o7o utilization in the 
hyperdynamic 7o7o7ophospholamban7o7e7o-def icient hearts. The increases in 



oxygen 

consumption were associated with increases (2.2-folcl) in the active 
fraction of the mitochondrial pyruvate dehydrogenase, suggesting increased 
tricarboxylic acid cycle turnover and %%7oATP7o7o7o synthesis, sup 3sup IP 
nuclear magnetic resonance studies demonstrated decreases in 
phosphocreatinc levels and increases in ADP and AMP levels in 
7oyo7ophospholamban7o7o7o-deficicnt compared with wild-type hearts. 
However, the 

creatine kinase activity and the creatine kinase reaction velocity were not 
different between 7o7«7ophospholamban7o7e7o-deficient and wild-type hearts. 
These 

findings indicate that ablation of 7c.7o7ophospholamban7o7o7o is associated 
with 

downrcgu lotion of the ryanodine receptor to compensate for the increased 
Cosup 2sup * content in the sarcoplasmic reticulum store and metabolic 
adaptations to establish a new energetic steady state to meet the increased 
7o7o7oATP7o7o7o demand in the hyperdynamic 
7o7o7ophospholamban7o7o7o-deficient hearts. 
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Regulation of 7o7<,7ocalctum7o7o7o transport by sarcoplasmic reticulum 
provides 

increased cardiac 7o7o7ocontractilttyyo7o7o in response to beta-adrenergic 
stimulation. This is due to phosphorylation of 7o7o7ephospholamban7<.7o7o by 
cAMP-dependcnt protein kinase or by 
7o 7o7eca I cium7o7o7o/ CO I modu I in-dependent 

protein kinase, which activates the 7o7o7ocalcium7o7o7o pump (Casup 2sup 
+-ATPase). Recently, direct phosphorylation of Casup 2sup +- ATPasc by 
7e%7ocalcium7o%7o/calmodulin-dcpcndent protein kinase has been proposed to 
provide additional regulation. To investigate these effects in detail, we 
have purified Casup 2sup +-ATPasc from card\ac sarcoplasmic reticulum 
using 

affinity chromatography and reconstituted it with purified, recombinant 
7e7o7ophospholamban7o7o7o. The resulting proteo liposomes had high rates of 
7e7o7<,calcium7o7o7o transport, which was tightly coupled to 7oyo7oATP7o7o7o 
hydrolysis 

(-1.7 7o7o7ocalcium7o7=7o ions transported per 7o7o7oATP7o%7o molecule 
hydro ly zed). 

Co-reconstitution with 7o7e7ophospholamban7o7o7o suppressed both 
7o 7o7ocal c i u m 7o "L % 

uptake and ATPase activities by -507o, and this suppression was fully 
relieved by a 7o7o7ophospholamban7o7o7o monoclonal antibody or by 
phosphorylation 

either with cAMP-dcpcndcnt protein kinase or with yo7o7»calcium7o7o7o 
/calmodul in-dependent protein kinase. These effects were consistent with a 
change in the apparent 7o7o7ocalcium7o7o7o affinity of Casup 2sup +- ATPase 
and 

not with a change in V(max). Neither the purified, reconstituted cardiac 
Casup 2sup +-ATPase nor the Casup 2sup +-ATPase in longitudinal cardiac 
sarcoplasmic reticulum vesicles was a substrate for %7o7ocalcium7o%7o 
/calmodulin-dependent protein kinase, and accordingly, we found no effect 
of 7o7o7ocalcium7o7o7o/calmodulin-dependent protein kinase phosphorylation 
on 

V(max) for 7o7o7ocalcium7o7o7o transport. 
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Unchanged protein levels of SERCA II and 7o7o7ophospholamban7o7o7o but 
reduced 

Casup 2sup + uptake and Casup 2sup ♦-ATPase activity of cardiac 
sarcoplasmic reticulum from dilated cardiomyopathy patients compared with 
patients with nonfailing hearts 

Schwinger R.H.G.; Bohm M.; Schmidt U.; Karczewski P.; Bavendick U.; 
Flesch M.; Krause E.-G.; Erdmann E. 
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LANGUAGE: ENGLISH SUMMARY LANGUAGE: ENGLISH 

Background; The aim of the present study was to investigate whether 
Casup 

2sup + uptake into the sarcoplasmic reticulum (SR) is altered in failing 
human myocardium resulting from dilated cardiomyopathy. Methods and 
Results: Casup 2sup +-ATPasc (SERCA H) activity and Casup 2sup 
♦-dependent 

sup 4sup 5Casup 2 sup ♦ uptake (oxalate supported, steady state) in isolated 
vesicles from the SR (VSR) and in crude membrane preparations (CSR) (free 
Casup 2sup +, 0.01 to 100 mumol/L) from nonfailing (donor hearts, n=13) and 
terminally failing (7o7o7oheart7o7o7o transplants, dilated cardiomyopathy, 
n=17) 

human myocardium were studied. In the same hearts, protein levels 
(Western 

blot analysis) and mRNA levels (Northern blot analysis) of SERCA II and 
7o7o7ophospholamban7tt7o7o were measured. Increasing concentrations of 
Casup 2sup 

♦ were followed by an increased Casup 2 sup +- ATPasc activity and Casup 
2sup 

+ uptake, Casup 2sup + uptake activity and Casup 2sup +-ATPase activity in 
CSR preparations from failing myocardium were significantly reduced 
compared with nonfailing hearts (Cosup 2sup +- ATPasc, 16 3+/- 8 and 125+/-7 
nmol 7o7o7oATP7o7o7o/mg protein per minute for nonfailing tissue and failing 
tissue in New York %7o7o Heart 7o%7o Association (NYHA) class IV, 
respectively; 

Casup 2sup ♦ uptake, 7.1^/-0,8 and 3.5+/-0.3 nmol/mg protein per minute in 
CSR from nonfailing and NYHA class IV hearts, respectively; P<.05). In 
contrast, no significant difference wos measured in VSR. In the same 
preparations (CSR and VSR), both SERCA II and 7o7o7»phospholamban7o7o7o 
levels 

(Western blot technique with monoclonal antibodies) were unchanged in 
failing compared with nonfailing tissue, mRNA expression relative GAPDH 
mRNA for SERCA Ila and for 7o7«7ophospholamban7o7o7e was significantly 
reduced in 

failing human myocardium (P<,05). Conclusions: These findings provide 
evidence that in failing human myocardium caused by dilated 
cardiomyopathy, 

protein levels of SERCA II and 7o7o7ophospholamban7o7o7o arc unchanged 
even 

though mRNA levels for SERCA II and 7o7o7ophospholamban7o7o7o and the 
SERCA H 

function are reduced compared with nonfailing myocardium. 
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Energetic modulation of cardiac inotropism and sarcoplasmic reticular 
Casup 2sup ♦ uptake 
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Myocardial 7o%%contractile7o%7o performance is a function of sarcoplasmic 



reticular Casup 2sup + uptake and re\ease. Casup 2 sup + handling is 
%7o7oATP%7o7o-dependcnt and can account for up to 407o of total myocardial 
energy expenditure. We tested the hypothesis that the thermodynamics of 
the 

cytosolic adenylate system can modulate sarcoplasmic reticular Casup 2sup + 
handling and hence function in intact 7o7o7<,heart7o7o7<,. Cellular energy level 
was experimentally manipulated by perfusing isolated working guinea-pig 
hearts with substrate-free medium or media fortified with lactate and/or 
pyruvate as the main energy substrate. Left ventricular 
7o7o7ocontracti le7o7o7o 

function was judged by stroke work and intraventricular dP/dt(max). 
Cytosolic energy level was indexed by measured creatine kinase rcoctants. 
Relative to 5 mM lactate, 5 mfA pyruvate increased left ventricular stroke 
work, dP/dt(max) and dP/dt(min), while lowering left ventricular 
cnd-diastolic pressure at physiological left atrial and aortic pressures. 
Pyruvate also doubled cytosolic phosphorylation potentials and increased { 
7o7o7oATP7o7o7<,)/CADP) ratio; this energetic enhancement distinguishes 
pyruvate 

from inotropic stimulation by catecholamines, which are known to decrease 
cytosolic energy level in perfused 7o7o7oheQrt7o7o7t,. Sarcoplasmic reticular 
Casup 2sup + handling was assessed in hearts prclabeled with sup 4sup 5Ca, 
subjected to sup 4sup 5Ca washout in the presence of different cytosolic 
energy levels, then stimulated with 10 mM caffeine to release residual 
sarcoplasmic reticular sup 4sup 5Ca. When ryanodine (1 muM) was applied to 
open Casup 2sup + channels and thereby released sup 4sup 5Ca from the 
sarcoplasmic reticulum during washout, coffeine-stimulated sup 4sup 5Ca 
release was decreased 96%. demonstrating that virtually the entire 
caffeine-sensitive sup 4sup 5Ca pool was located in the sarcoplasmic 
reticulum. In detailed comparisons of pyru vote-energized vs. substrate- free 
decncrgized hearts, an inverse relationship between cytosolic energy level 
and caffeine-mobilized sup 4sup 5Ca pool size was observed. Thus, 
caffeine- induced sup 4sup 5Ca release was decreased 607o by pyruvate 
energization and increased 2.5-fold by substrate-free decnergization. Taken 
, together, these results support the hypothesis that enhancement of 
myocardial inotropism by energy-yielding substrate is mediated by increased 
sarcoplasmic reticular Casup 2sup + loading/release. Thus we propose that 
the known control of sarcoplasmic reticular Casup 2sup + turnover by the 
protein kinase/7o7c7ephospholamban7o7o7o system can be modulated by 
cytosolic 
energy level. 
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Background: Observations of abnormalities in the diastolic components of 
intracellular Casup 2sup + transients in failing human left ventricular 
myocardium have raised the possibility that reductions in the level or 
function of sarcoplasmic reticulum proteins involved in Casup 2sup * 
transport contribute to the pathophysiology of dilated cardiomyopathy in 
humans. Functional assays, however, have revealed no differences in 
7o7<.7oATP7<.7»7o-dependent Casup 2sup * transport or its modulation by 
7o7<.7ophospholamban7t.7o7o in sarcoplasmic reticulum-cnriched microsomes 
prepared 

from nonf ailing and failing human left ventricular myocardium. The purpose 
of the present study was to quantify protein levels of Casup 2sup +- 
transporting ATPase, 7o7e7ophospholamban7o7o7o, and calsequestrin directly in 
nonfailing and failing human left ventricular myocardium. Methods and 
Results: Total protein extracts were prepared from nonfailing left 
ventricular myocardium from the hearts of unmotched organ donors with 
normal left ventricular 7o7o7econtracti!ity7o7o7o (n=6) and from failing left 
ventricular myocardium from the excised hearts of transplant recipients 
with class IV 7o7o7oheart7o7o7o 7o7o%failure7o7o7o resulting from idiopathic 



dilated 

cardiomyopathy Cn=6). Casup 2sup ♦-transporting ATPase, 
%7o7,phospholambon7o7o7o 

, and calsequestrin contents were determined by quantitotive immunob lotting 
with monoclonal and affinity-purified polyclonal antibodies. The levels of 
the three proteins were identical in nonfailing and failing human left 
ventricular myocardium. Conclusions: These results indicate that protein 
levels of Casup 2sup +-transporttng ATPase, 7o7o7<,phospholamban7o7o7o, and 
calsequestrin are not diminished in failing human left ventricular 
myocardium and that downregulation of the Casup 2sup ^-transporting 
ATPase 

and yo7<.7ophosphoiamban7o7o7o is not port of the molecular pathophysiology 
of 

dilated cardiomyopathy in humans. 
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Left ventricular diastolic function in the normal and 7o7o7odiscased7o7o°/t( 
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Several important questions remain to be answered by future research. 
First, it is unclear whether any abnormal index of diastolic function can 
be used to estimate 7o7o7£,disease7o7o7o severity, or to prognostically identify 
patients who will subsequently develop systolic abnormalities or frank left 
ventricular dysfunction. A temporal relationship between the appearance of 
diastolic dysfunction and ultimate left ventricular decompensation may, 
theoretically, exist, but such a relationship has yet to be established. 
Second, a growing body of evidence indicates that pharmacologic therapy 
with Casup 2sup * channel antagonists, beta-adrenergic agonists or 
antagonists, phosphodiesterose inhibitors, or angiotensin converting enzyme- 
inhibitors may acutely or chronically benefit certain patients with 
diastolic dysfunction. Whether the impact of early recognition and 
therapeutic intervention in patients with diastolic dysfunction can be 
translated into on improvement of quality of life or enhanced survival 
remains unknown. Third, recent evidence indicates that fundamental changes 
in the biochemistry of the car6\ac myocyte may represent a final common 
pathway for the development of congestive 7o7o7oheart7o7o7» 
7,7o7ofailure7o7o7o 

resulting from intrinsic cardiac 7o7o7odisease7o7o7o. Altered expression of 
genes 

coding for the 7o7o7oATP%7o7o-dependent Casup 2sup + pumps in the 
sarco lemma and 

the sarcoplasmic reticulum, regulatory proteins such as 
%vt%phospholamban%%% J: 
, and the proteins composing the 7o7o7ocontractile7o7<.7o apparatus have been 
identified that play critical roles in the pathophysiology of myocardial 
7»7o|'ofailure7o7o7o, and have important impli cations for poten j^al 
phorimaco logic 

t herapy . Future research will more clearly elucidate the^c 'cellular and 
biochemical mechanisms of left ventricular 7o7o7ofailur^//o7o7o. Lastly, 
although # 
intravenous and inhalationol anesthetics produce deirangements in normal 
diastolic function to varying degrees, whether the effects of these agents 
on diastolic performance arc exacerbated in ,%*/o7odisease7o7o7o processes 
manifested by abnormal diastolic mechanics requires further evaluation. 
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Objective: The aim was to determine whether changes in sarcoplasmic 
reticular Casup 2sup + transport activity and the degree of phosphorylotlon 
of %yo7ophospholamban%7o% of 'stunned' myocardium are involved in the 
reversible depression of 7o7o7ocontractilc%7o% function. Methods: In 
anaesthetised open chest swine, stunning was induced by subjecting the 
myocardium perfused by the left anterior descending coronary artery to two 
cycles of 10 min of occlusion and 30 min of reperfusion. Before and after 
stunning, systemic haemodynamic variables and regional myocardial function 
and perfusion were determined, while biopsies were taken for determination 
of the content of high energy phosphate compounds. Sarcoplasmic reticular 
function (7c.7«7<,ATP7o7o7o dependent Casup 2sup + transport and 
phosphorylation of 

7o7<,7ophospholamban7o7e7o) of the stunned and control myocardium was 
determined 

at the end of the stunning protocol. Results; In the stunned myocardium the 
segment length shortening decreased from 17.4(5D 4.0)7o to 3.5(4.4)7o, 
while 

perfusion was 387o less than at baseline. 7o7o7oATP7o7o7o and total adenine 
nucleotide levels of the stunned myocardium were about 357o lower than in 
the control myocardium, but the energy charge was normal as creatine 
phosphate levels had increased by 667* over the content determined at 
baseline. Casup 2sup + uptake by the sarcoplasmic reticulum isolated from 
the stunned region was 177o (p<0.05) higher than Casup 2sup + uptake from 
the control region (1240(303) and 1450(280) nmol - minsup -sup 1 - mgsup 
-sup 1 protein, respectively). In the presence of exogenous cyclic AMP 
dependent protein kinase the amount of sup 3sup 2P incorporated into 
7o7o%phospholamban%7o7e was similar for both myocardial regions. 
Conclusions: 

In this model of stunned porcine myocardium, the phosphorylation state of 
7o7o7ophospholamban7o7o7o was unchanged, but Casup 2sup + uptake by the 
sarcoplasmic reticulum was slightly increased. The results indicate that a 
change in active Casup 2sup + transport by the sarcoplasmic reticulum is 
most tikeiy not to be the principal cause of 7o%%contractile7o7o7o 
dysfunction 

of stunned myocordium. 

8/7/13 (Item 1 from file: 144) 
DIALOG{R)File 144:Pascal 
(c) 2003 INIST/CNRS. All rts. reserv. 

13820298 PASCAL No.; 98-0536492 

Regulation of the Co SUP 2 SUP * gradient across the sarcoplasmic 
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Myocardial 7o7o7ocontractility7o7<,7o depends on Ca SUP 2 SUP + re\ease 
from and 

uptake into the sarcoplasmic reticulum (SR), The Ca SUP 2 SUP + gradient 
between the SR matrix and the cytosol (SR Ca SUP 2 SUP * gradient) is 
maintained by the SR Ca SUP 2 SUP + -ATPase using the free energy 



available 

from hydrolysis of 7o7o7cATP7*7o7o. The activity of the SR Co SUP 2 SUP + 
-ATPase 

is not only dependent on the energy state of the celt but is also 
kinetically regulated by SR proteins such as 7o7o%phospholamban7o7o7o. 
To 

evaluate the importance of thermodynamic and kinetic regulation of the SR 
Ca SUP 2 SUP + gradient, we examined the relationship between the 
energy 

available from 7o7o7oATP7o7o7o hydrolysis ( DELTA G SUB A SUB T SUB P ) 
and the 

energy required for maintenance of the SR Ca SUP 2 SUP + gradient ( 
DELTA G 

SUB C SUB a 2+ SUB S SUB R ) during physiological and pathological 
manipulations that alter DELTA G SUB A SUB T SUB P and the 
phosphorylation 

state of 7o7o7ophospholamban7o7o7o. We used our previously developed SUP 1 
SUP 9 

F nuclear magnetic resonance method to measure the ionized (Ca SUP 2 SUP 

) in the SR of Langendorff -perfused rabbit hearts. We found that addition 
of cither pyruvate or isoproterenol resulted in an increase in left 
ventricular developed pressure and an increase in (Ca SUP 2 SUP + ) SUB 5 
SUB R , Pyruvate increased DELTA G SUB A SUB T SUB P , and the 
increase in 

the SR Co SUP 2 SUP + gradient was matched to the increase in DELTA G 
SUB A 

SUB T SUB P ; DELTA G SUB A SUB T SUB P increased from 58.3 +- 0.5 to 
60.4 

+- 1.0 kJ/mol (P<0.05), and DELTA G SUB C SUB a 2+ SUB S SUB R 
increased 

from 47.1 +- 0.3 to 48.5 +- 0.1 kJ/mol (P<0.05). In contrast, the increase 
in the SR Ca SUP 2 SUP + gradient in the presence of isoproterenol occurred 
despite a decline in DELTA G SUB A SUB T SUB P from 58.3 0.5 to 55.8 
+- 

0.6 kJ/mol. Thus, the data indicate that the SR Co SUP 2 SUP + gradient 
can 

be increased by an increase in DELTA G SUB A SUB T SUB P , and that 
the 

positive inotropic effect of pyruvate can be explained by improved 
energy-linked SR Ca SUP 2 SUP + handling, whereas the results with 
isoproterenol are consistent with removal of the kinetic limitation of 
7o7o7ophospholamban7*7o7e on the activity of the 
sarcoplasmic/endoplasmic 

reticulum Co SUP 2 SUP + -ATPase, which allows the SR Ca SUP 2 SUP * 
gradient to move closer to its thermodynamic limit. Ischemia decreases 
DELTA G SUB A SUB T SUB P , and this should also have an effect on SR 
Co 

SUP 2 SUP * handling. During 30 minutes of ischemia, DELTA G SUB A 
SUBT 

SUB P decreased by 12 kJ/mol, but the decrease in DELTA G SUB C SUB 
a 2* 

SUB S SUB R was 16 kJ/mol, greater than would be predicted by the fall 
in 

DELTA G SUB A SUB T SUB P and consistent with increased SR Co SUP 2 
SUP* 

release and increased SR Co SUP 2 SUP ♦ cycling. Because ischemic 
preconditioning is reported to decrease SR Ca SUP 2 SUP + cycling during a 
subsequent sustained period of ischemia, we examined whether ischemic 
preconditioning affects the relationship between the fall in DELTA G SUB 
A 

SUB T SUB P and the fall in DELTA G SUB C SUB a 2+ SUB S SUB R 
during 

ischemia. We found that preconditioning attenuated the fall in DELTA G 
SUB 

C SUB a 2+SR during ischemia; the fall in DELTA G SUB C SUB a 2+SR was 
of 

comparable magnitude to the fall in DELTA G SUB A SUB T SUB P , and 
this 

was associated with a significant improvement in functional recovery during 
reperfusion. The data suggest that there is both thermodynamic regulation 
of the SR Ca SUP 2 SUP + gradient by DELTA G SUB A SUB T SUB P and 
kinetic 

regulation, which can alter the relationship between DELTA G SUB A SUB 
T 

SUB P and DELTA G SUB C SUB a 2+ SUB S SUB R . 
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Anoxia has been compared with ischaemia. The abrupt restoration of cither 
oxygen of flow may accelerate cardiac damage. Anoxic stimulation of 
glycolysis (Pasteur effect) is inhibited during ischaemia by lactate and 
proton accumulation at the levels of phosphofructokinase and 
glyccraldchyde- 3 -phosphate dehydrogenase. Anaerobic glycolysis provides 
lactate and 7o7o7oATP7o7o7o ; breakdown of the latter provides protons. 
During 

partial respiration thought to occur in partial ischaemia, continued 
production of C02 is a factor contributing to intracellular acidosis; 
mitochondrial 7o7o7oATP7o7o7o when formed by continued respiration also 
yields 

protons when ultimately broken down. The endoproducts of aerobic glycolysis 
(pyruvate and NADH) arc transported into the mitochondria by the 
malate-aspartatc cycle and by pyruvate dehydrogenase activity. Adenine 
nucleotide transferase activity normally transfers the mitochondrially-made 
7<.7o7oATP7o7o7o to the cytoplasm, but acyl Co A accumulates in ischaemia 
(or 

during perfusions with high circulating free fatty acids) to inhibit the 
transferase. The mitochondrial creatine kinase is thought to transform 
7<.7o7oATP7o7(,7o transported outwards into creatine phosphate which can 
permeate 

the outer mitochondrial membrane. Further compartment ation of 
7o7o7oATP7c7o% may 

be by other creatine kinase isoenzymes or in relation to the cell membrane. 
The glycogenolytic-sarcoplasmic reticulum complex links a glycogen pool to 
the sarcoplasmic reticulum. Cyclic AMP may regulate admission of 
7o7o7ocalcium%7o7o to the cell during the plateau of the action potential and 
promote 7o7o7ocalcium7o7o7o uptake by the sarcoplasmic reticulum by 
phosphorylation of 7o7o7ophospholamban7o7o7o. The latter promotes the 
activity of 

the 7o7o7ocalcium7e%%-transport ATPase. yo7o7oCalcium%7o7o and cyclic AMP 
may also 

interact at the level of the 7o7o7ocontractile7o7e7o proteins where cyclic 
AMP 

phosphrylates troponin. Cyclic GMP generally has opposite effects to cyclic 
AMP and undergoes opposite changes in the frog cardiac cycle to those of 
cyclic AMP. A present it is reasonable to suppose that physiological 
effects of adrenaline or of cholinergic agents on the myocardium arc 
mediated by cyclic AMP or cyclic SMP, respectively, but this hypothesis 
still lacks firm support. There is an association between tissue cyclic AMP 
and ventricular fibrillation after coronary ligation, and direct evidence 
for a role of cyclic AMP in promoting arrhythmias has been obtained by 
studies on the ventricular fibrillation threshold in the rat 7o7o7ohcapt7o7(.7o. 
However, there are other mechanisms, involving first the effects of 
substrates on the action potential duration, and secondly, the fast 
channel, which can also give rise to the development of malignant 
arrhythmias. {168 Refs.) 
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ABSTRACT; A method for the prevention and 7o7«7otreatment7o7o7<. of 
stunning of 

the 7e.7o%heart7<.7o7o subsequent to ischcmia-rcpcrfusion is described. The 
method comprises 7o%7oadmintstering7o7o7* a therapeutically effective 
amount 

of a 7e7o7ophospholamban7o7o7(. inhibitor to a patient. 
%7o7oP}iospholamban7o7o% 
inhibitors relieve the inhibitory effect of 7o7<.7ophosp^hplamban7o7o7o on 
7o7o7ocardiac7o7o7o sarcoplasmic reticulum Ca2* -ATPase. 
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ABSTRACT: Adenosine has several potentially cardioprotective effects 
including vasodilatation, reduction in 7o7<>7o heart 7o7e7o rate and alterations 
in metabolism. Adenosine inhibits catecholaminc-induced increase in 
contractile function mainly through inhibition of phosphorylation of 



%%%phospho)amban%%% (PUB), the main regulatory protein of 
CaZ*-ATPase in 

sarcoplasmic reticulum (SR), and during ischemia it reduces calcium 
{Ca2+) overload. In this study we examined the effects of endogenous 
adenosine on contractile function and metabolism during low-flow ischemia 
(LFI) and investigated whether endogenous adenosine can alter expression 
of the Ca2+-ATPase/PLB-systcm and other Ca2+-regulatory proteins. 
Isolated blood-perfused piglet hearts underwent 120 min 10% flow. Hearts 
were 7o7o%treated%%% with either saline, the adenosine receptor blocker 
(8)-sulfophenyl theophylline (SSPT, 300 mumol/l) or the nucleoside 
transport inhibitor draflazine (1 mumol/l). During LFI, SSPTdid not 
substantially influence metabolic or fun ctional responses. However, 
droflazine enhanced the reduction in %7o%heart7o7*% rate, contractile 
force 

and MV02, with less release of H+ and C02. Before LFI there were no 
significant differences between groups for any of the proteins 
{Ca2+-AT?QSc, ryanodine-rcceptor, Na*/IC+-ATPase) or mRNAs 
(Ca2+-ATPase, 

PLB, calscquestrin, Na+/Ca2+-exchanger) measured. At end of LFI 
mftNA-level of PLB was higher In draf Ia2ine-7o7o7«treated7o7o7o hearts 
compared 

to both other groups {P<0.01 vs both). Also, at end of LFI protein-level 
of Ca2+-ATPasc was lower in drof Iazine-7o7o7otreated7o7o7o hearts (P<0.05 
vs 

both), and a parallel trend towards a lower mRNA- level was seen {P=0.11 
vs saline and P=0.43 vs SSPT). During LFI tissue Ca2+ tended to rise in 
saline- and 8SPT-7o7o7otreated7o7o7e hearts but not in 
draflazine- %%%treated7o%7o 
hearts (at end of LFI, P = 0.01 vs SSPT). We conclude that the amount of 
adenosine normally produced during LFI does not substantially influence 
function and metabolism. However, increased endogenous levels by 
draflazine enhance downrcgulation of function and reduce signs of 
anaerobic metabolism. At end of LFI associated changes in expression of 
PLB and Ca2+-ATPase were seen. The functional significance was not 
determined in the present study. However, altered protein- levels might 
influence Ca2+-handling in sarcoplasmic reticulum and thus affect 
contractile force and tolerance to ischemia. 
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LANGUAGE: English 
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ABSTRACT: Although the sarcoplasmic reticulum (SR) is known to regulate 
the 

intracellular concentration of Ca2+ and the SR function has been shown to 
become abnormal during ischemia-reperfusion in the 7o7o7ohcart7o7o7o, the 
mechanisms for this defect are not fully understood. Because 
phosphorylation of SR proteins plays a crucial role in the regulation of 
SR function, we investigated the status of endogenous 
Ca2+/calmodul in-dependent protein kinase (CaMK) and exogenous 
cAMP-dependcnt protein kinase (PKA) phosphorylation of the SR proteins 
in 

control, ischemic (I), and ischemia-reperfuscd (I/R) hearts 
7c%7»trcatcd%7o7» 

or not 7o7o7otreated7o7o7o with superoxide dismutase (SOD) plus cotalasc 
(CAT). 



SR and cytosolic fractions were isolated from control, I, and I/R hearts 
yo7o7otreated7o7o7o or not %7o7atrcated7«,7o7o with SOD plus CAT, and the 
SR protein 

phosphorylotion by CaMK and PKA, the CaMK- and PKA-stimuioted Ca2+ 
uptake, and the CaMK, PKA, and phosphatase activities were studied. The 
SR CaMK and CaMK -stimulated Ca2+ uptake activities, as well as CaMK 
phosphorylation of Ca2+ pump ATPase (SERCA2a) and 

7o%7ophospholamban7o7*7o 
(PLB), were significantly decreased in both I and I/R hearts. The PKA 
phosphorylation of PLB and PKA -stimulated Ca2+ uptake were reduced 
significantly in the I/R hearts only. Cytosolic CaMK and PKA activities 
were unaltered, whereas SR phosphatase activity in the I and I/R hearts 
was depressed. SOD plus CAT 7o%7otreatment7o7o7o prevented the 

observed 

alterations in SR CaMK and phosphatase activities, CaMK and PKA 
phosphorylations, and CaMK- and PKA-stimulated Ca2+ uptake. These 
results 

indicate that depressed CaMK phosphorylation and CaMK -stimulated Ca2+ 
uptake in I/R hearts may be due to a depression in the SR CaMK activity. 
Furthermore, prevention of the I/R-induced alterations in SR protein 
phosphorylation by SOD plus CAT 7o7o7otreatmcnt7oyo7o is consistent with 
the 

role of oxidative stress during ischemia-reperfusion injury in the 
7o7o%hcart%%%. 
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LANGUAGE; English 
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ABSTRACT: Abnormalities in calcium flux have been linked to abnormal 
contractile behavior of the 7o7o7<,heart7<.7o7o in patients with congestive 
7o7o7o heart 7o7o7o failure as well as in animal models. Decreased activity or 
levels of the calcium adenosine triphosphatase of the sarco(endo)plasmic 
reticulum (SERCA2) particularly have been known to cause a delay in 
calcium transients. The SERCA2 protein pumps 2 moles of calcium per mole 
of adenosine triphosphate (ATP) split from the cytoplasm into the 
sarcoplasmic reticulum, thus lowering the free cytoplasmic calcium 
concentration. It therefore is of interest to identify mechanisms by 
which SERCA activity could be increased in the %7o7oheart7o%7o. To 

determine 

influences of increased expression of the SERCA 2 gene on calcium 
transient and contractile behavior, we constructed transgenic mice and 
rats expressing a SERCA 2 transgene in their 7o7o7oheart7o7o7o. In these 
animals, a 207o increase in SERCA levels occurs due to additional 
expression of the SERCA transgene. This leads to a corresponding increase 
in contractile activity as determined by the increase in left ventricular 
pressure measured as dP/dtmax and decrease in diastolic ventricular 
pressure determined as dP/dtmin. Similarly, isolated 7o7«,7ocardiac7o7o7o 
myocytes obtained from the 7o7o7oheart7o7o7o of transgenic mice showed an 
accelerated calcium transient and increased speed of shortening and 
rclengthcning cs determined by edge detection. To determine if SERCA2 
transgene expression could have a compensatory effect on the contractile 
behavior of the 7c7o7oheart7o7o7o in transgenic mice expressing SERCA 2, 
these 

mice were made hypothyroid, and papillary muscle function was determined. 
Contractile behavior of the papillary muscle of wild- type hypothyroid 
mice showed a significant increase in muscle relaxation time (RT50), In 
contrast, SERCA2 transgenic hypothyroid mice showed normal contractile 
behavior of papillary muscle. A compensatory effect of SERCA transgene 
expression was therefore demonstrated. In addition, we constructed 



tronsgcnic rats expressing Q^SERCA 2 transgcne in which constriction of 
the ascend ingidor to induced 7o%7ocard tat hypertrophy and a delayed 
contraction of papillary muscle. In preliminary results, we found that 
SERCA2 transgenic rats submitted to ascending aortic constriction did not 
show the delayed relaxation of papillary muscle as was found in wild-type 
rats submitted to aortic constriction. In addition, adenoviral vectors 
expressing transgcncs for calcium- handling proteins can be used to 
improve %7o7ocardiac%%% myocyte contraction. Adenoviruses expressing a 
SERCA transgene or a mutant %7o7ophospholamban%7o7<, transgene 
exhibiting 

dominant negative action were used to infect isolated myocytes 
7o7c.7otreated7o7o7o with a phorbol ester (phorbol 12-myristatc 13-acetate), 
which delays the calcium transients. The calcium transients and 
contractile behavior of the isolated myocytes indicated that increased 
SERCA expression or increased expression of mutant 

%7o%phospholamban%7»7o 
transgene led to increased SERCA2 activity, resulting in an increased 
contractile phenotype. Recent findings by otheir investigators also 
indicate that decreased SERCA 2 activity pan be increased under in vivo 
conditions using adenoviral vector-bas.c^ SERCA2 expression. A gene 
therapy type of approach delivering increased amounts of SERCA or 
7o7o7ophospholamban7c>7o7o mutants leading to increased SERCA activity 

should 

therefore be considered in the future. 



11/7/5 (Item 5 from file; 5) 
DIALOS(R)Filc 5:Biosis Previcws(ft) 
(c) 2003 BIOSIS. All rts. rcscrv. 

12173890 BIOSIS NO.; 199900468739 
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LANGUAGE: English 
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ABSTRACT: In contrast to betal-adrenoreceptor (bctal-AR) signaling, 
bcta2-AR stimulation in cardiomyocytcs augments L-typc Ca2+ current in a 
cAMP-dependent protein kinase (PKA)-dependent manner but fails to 
phosphorylate 7o7Q7ophospholamban7e7e7o, indicating that the 

beta2-AR-induced 
cAMP/PKA signaling is highly localized. Here we show that inhibition of 
Gi proteins with pertussis toxin (PTX) permits o full 

%7o%phospho lamban%7<.7o 
phosphorylation and a de novo relaxant effect following beta2-AR 
stimulation, converting the localized bcta2-AR signaling to a global 
signaling mode similar to that of betal-AR. Thus, beta2-AR-mediated Gi 
activation constricts the cAMP signaling to the sorcolemma. PTX 
7o7o7otrcatment7o7o7o did not significantly affect the bcta2-AR-stimulated 

PKA 

activation. Similar to Gi inhibition, o protein phosphatase inhibitor, 
calyculin A (3 X 10-8 M), selectively enhanced the beta2-AR but not 
bctal-AR-mcdiated contractile response. Furthermore, PTX and calyculin A 
7o7o7otrcatment7o7o7o had a non-additive potentiating effect on the 
beta2-AR -mediated positive inotropic response. These results suggest that 
the interaction of the beta2-AR-coupled Gi and Gs signaling affects the 
local balance of protein kinase and phosphatase activities. Thus, the 
additional coupling of beta2-AR to Gi proteins is a key factor causing 
the compartmentolization of beto2-AR-induced cAMP signaling. 
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RECORD TYPE: Abstract 
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ABSTRACT: A method for the prevention and treatment of stunning of the 
heart subsequent to ischemia-repcrfusion is described. The method 
comprises administering a therapeutically effective amount of a 
phospholamban inhibitor to a patient. Phospholamban inhibitors relieve 
the inhibitory effect of phospholamban on cardiac sarcoplasmic reticulum 
Ca2+ -ATPase. _ 
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ABSTRACT: Adenosine has several potentially cardioprotective effects 
including vasodilatation, reduction in heart rate arid alterations in 
metabolism. Adenosine inhibits cotecholamine-induced increase in 
controctile function mainly through inhibition of phosphorylation of 
phospholamban (PLB), the main regulatory protein of Ca2+-ATPase in 
sarcoplasmic reticulum (SR), and during ischemia it reduces calcium 
(Ca2+) overload. In this study we examined the effects of endogenous 
adenosine on contractile function and metabolism during low-flow ischemia 
(LFI) and investigated whether endogenous adenosine can alter expression 
of the Ca2+-ATPase/PLB-system and other Ca2+-rcgulatory proteins. 
Isolated blood-perfused piglet hearts underwent 120 min 107o flow. Hearts 
were treated with either saline, the adenosine receptor blocker 



(8)-sulfophcnyl theophylline (8SPT, 300 mumol/l)or the nucleoside 
transport inhibitor draf lazinc (1 mumol/l). During LFI, 8SPT did not 
substantially influence metabolic or fun ctionol responses. However, 
draf lazinc enhanced the reduction in heart rote, contractile force and 
MV02, with less release of H+ and C02. Before LFI there were no 
significant differences between groups for any of the proteins 
(Ca2*-ATPasc, ryanodine-rcceptor, Na+/K+-ATPase) or mRN/^s 
CCa2+-ATPase, 

PLB, calsequcstrin, Na+/Ca2+-exchanger) measured. At end of LFI 
mRNA- level of PLB was higher in draflazine- treated hearts compared to 
both other groups (P<0.01 vs both). Also, at end of LFI protein- level of 
Ca2+-ATPase was lower in drof lazinc- treated hearts (P<0.05 vs both), and 
a parallel trend towards a lower mRNA-level was seen {P=0.11 vs saline 
and P=0.43 vs 8SPT). During LFI tissue Ca2+ tended to rise in saline- and 
8SPT-treated hearts but not in draf lazinc-treated hearts (at end of LFI, 
P = 0.01 vs 8SPT). We conclude that the amount of adenosine normally 
produced during LFI docs not substantially influence function and 
metabolism. However, increased endogenous levels by draflazine enhance 
downrcgulation of function and reduce signs of anaerobic metabolism. At 
end of LFI associated changes in expression of PLB and Ca2+-ATPase were 
seen. The functional significance was not determined in the present 
study. However, altered protein-levels might influence Ca2+-handling in 
sarcoplasmic reticulum and thus affect contractile force and tolerance to 
ischemia, 
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ABSTRACT: Although the sarcoplasmic reticulum (SR) is known to regulate 
the 

intracellular concentration of Ca2+ and the SR function has been shown to 
become abnormal during ischemia-repcrfusion in the heart, the mechanisms 
for this defect arc not fully understood. Because phosphorylation of SR 
proteins plays a crucial rote in the regulation of SR function, wc 
investigated the status of endogenous Ca2*/calmodulin-depcndent protein 
kinase (CaMK) and exogenous cAMP-depcndcnt protein kinase (PICA) 
phosphorylation of the SR proteins in control, ischemic (I), and 
ischemia-reperf used (I/R) hearts treated or not treated with superoxide 
dismutase (SOD) plus catatase (CAT). SR and cytosolic fractions were 
isolated from control, I, and I/R hearts treated or not treated with SOD 
plus CAT, and the SR protein phosphorylation by CaMK and PKA, the CaMK- 
and PKA-stimulated Ca2* uptake, and the CaMK, PKA, and phosphatase 
activities were studied. The SR CaMK end CoMK-stimulated Ca2+ uptake 
activities, as well as CaMK phosphorylation of Ca2+ pump ATPase 
(SERCA2a) 

and phospholamban (PLB), were significantly decreased in both I and I/R 
hearts. The PKA phosphorylation of PLB and PKA-stimulated Ca2+ uptake 
were reduced significantly in the I/R hearts only. Cytosolic CaMK and PKA 
activities were unaltered, whereas SR phosphatase activity in the I and 
I/R hearts was depressed. SOD plus CAT treatment prevented the 
observed 

alterations in SR CaMK and phosphatase activities, CaMK ond PKA 
phosphorylations, and CaMK- and PKA-stimulated Ca2+ uptake. These 
results 

indicate that depressed CaMK phosphorylation and CaMK-stimulated Ca2+ 
uptake in I/R hearts may be due to a depression in the SR CaMK activity. 



Furthermore, prevention of the I/R-induced alterations in SR protein 
phosphorylation by SOD plus CAT treatment is consistent with the role of 
oxidative stress during ischemia-repcrfusion injury in the 
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ABSTRACT: Abnormalities in calcium flux^ha^e been linked to abnormal 
contractile behavior of the heart in patients with congestive heart 
failure as well as in animal models. Decreased activity or levels of the 
calcium adenosine triphosphatase of the sarco(endo)plasmic reticulum 
{SERCA2) particularly have been known to cause a delay in calcium 
transients. The SERCA2 protein pumps 2 moles of calcium per mole of 
adenosine triphosphate (ATP) split from the cytoplasm into the 
sarcoplasmic reticulum, thus lowering the free cytoplasmic calcium 
concentration. It therefore is of interest to identify mechanisms by 
which SERCA activity could be increased in the heart. To determine 
influences of increased expression of the SERCA2 gene on calcium 
transient and contractile behavior, we constructed transgenic mice and 
rats expressing a SERCA2 transgene in their heart. In these animals, a 
20% increase in SERCA levels occurs due to additional expression of the 
SERCA transgene. This leads to a corresponding increase in contractile 
activity as determined by the increase In left ventricular pressure 
measured as dP/dtmax and decrease in diastolic ventricular pressure 
determined as dP/dtmin. Similarly, isolated cardiac myocytes obtained 
from the heart of transgenic mice showed an accelerated calcium transient 
and increased speed of shortening and relengthening as determined by edge 
detection. To determine if SERCA 2 transgene expression could hove a 
compensatory effect on the contractile behavior of the heart in 
transgenic mice expressing SERCA 2, these mice were made hypothyroid, 

and 

papillary muscle function was determined. Contractile behavior of the 
papillary muscle of wild-type hypothyroid mice showed a significant 
increase in muscle relaxation time (RT50). In contrast, SERCA2 transgenic 
hypothyroid mice showed normal contractile behavior of papillary muscle. 
A compensatory effect of SERCA transgene expression was therefore 
demonstrated. In addition, we constructed transgenic rats expressing a 
SERCA2 transgene in which constriction of the ascending aorta induced 
cardiac hypertrophy and a delayed contraction of papillary muscle. In 
preliminary results, we found that SERCA2 transgenic rats submitted to 
ascending aortic constriction did not show the delayed relaxation of 
papillary muscle as was found in wild-type rats submitted to aortic 
constriction. In addition, adenoviral vectors expressing transgenes for 
calcium- hand ling proteins can be used to improve cardiac myocyte 
contraction. Adenoviruses expressing a SERCA transgene or a mutant 
phospholamban transgene exhibiting dominant negative action were used to 
infect isolated myocytes treated with a phorbol ester (phorbol 
12-myristate 13-acetate), which delays the calcium transients. The 
calcium transients and contractile behavior of the isolated myocytes 
indicated that increased SERCA expression or increased expression of 
mutant phospholamban transgene led to increased SERCA2 activity, 
resulting in an increased contractile phenotype. Recent findings by other 
investigators also indicate that decreased SERCA2 activity con be 
increased under in vivo conditions using adenoviral vector- based SERCA 2 
expression. A gene therapy type of approach delivering increased amounts 
of SERCA or phospholamban mutants leading to increased S^^CA activity 
should therefore be considered in the future. 
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ABSTRACT; Although captopril, an angiotcnsin-converting enzyme (ACE) 
inhibitor, has been shown to exert a beneficial effect on cardiac 
function in heart failure, its effect on the status of sarcoplasmic 
reticulum (SR) Ca2+ transport in the failing heart has not been examined 
previously. In order to determine whether coptopril has a protective 
action on cardiac function, as well as cardiac SR Ca2*-pump activity and 
gene expression, a rat model of heart failure due to myocardial 
infarction was employed in this study. Sham operated and infarcted rats 
were given captopril (2 g/l) in drinking water; this treatment was 
started at either 3 or 21 days and was carried out until 8 weeks after 
the surgery. The untreated animals with myocardial infarction showed 
increased heart weight and elevated left ventricular end diastolic 
pressure, reduced rates of pressure development and pressure fall, as 
well as depressed SR Ca2+ uptake and Ca2+-stimulatcd ATPase activities in 
comparison with the sham control group. These hemodynamic and 

biochemical 

changes in the failing hearts were prevented by treatment of the 
infarcted animals with captopril. Likewise, the observed reductions in 
the SR Ca2+ pump and phospholamban protein contents, as well as in the 
mRNA levels for SR Ca2+ pump ATPase and phospholamban, in the failing 
heart were attenuated by captopril treotment. These results suggest that 
heart failure is associated with a defect in the SR Ca2* handling and a 
depression in the gene expression of SR proteins; the beneficial effect 
of captopril in heart failure may be due to its ability to prevent 
remodeling of the cardiac SR membrane. 
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Abstract: Abnormal beta-adrenergic signal transduction and intracellular 
Ca2+ handling appear to be a major cause of systolic and diastolic 
dysfunction in humans with 7o7o7oheart%yo% failure. The precise 

mechanisms 

which cause an alteration in Ca2+ handling have been a subject of 
investigation in recent years. Several lines of evidence suggest that 
activation of neurohormonol systems plays a central role. Altered 
Ca2+-handling (increased diastolic concentrations, reduced systolic 
Ca2+ release) have a strong impact on diastolic and systolic 
performance of failing hearts. Sarcoplasmic reticulum Ca2+ ATPase is 
reduced in activity and in steady- state mRNA concent rot ion. The 
Na+-Ca2* exchanger is upreguloted at the mRNA and protein levels. 
%%%Phospholamban%7o% depends strongly on cAMP-dependent 
phosphorylation. 

A strong sympathetic activation has been shown to desensitize the cAMP 
system. At the receptor level, there is downregu lotion of 
beta(l)-adrenergic receptors. An uncoupling of beta(2)-adrenoceptors 
has been attributed to an increased activity and gene expression of 
beta-adrenergic receptor kinase in failing myocardium, leading to 
phosphorylation and uncoupling of receptors. Finally, recent evidence 
suggests that cAMP-dependent transcription mechanisms may play a role 
during beta-adrenergic stimulation and cardiomyopathy with 
%%%heart%%7c 

failure - by means of altered actions of cAMP response element binding 
protein, the cAMP response element modulator, or the activating 
transcription factor 1. The exact characterization of signal 
transduction defects could offer novel approaches to the 
pharmacological 7c7o%treatment7o%% of 7o7<,7oheart%7c7o failure. 
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Abstract: Evaluation of the myocardial relaxation has become important in 
the last years. Pm impaired relaxation may precede contractile 
dysfunctions and even cause 7o7o7(»heart7o7o7(» failure. To 7o7o7otreat7o7o7o 
this 

impaired lusitroptsm it is necessary to properly assess the lusitropic 
state of the 7o7o%heart7o7o% and understand how drugs affect the 



cellular 

mechanisms underlying myocardial relaxation (sarcoplasmic reticulum 
function, Ca2* fluxes through the sarco lemma and myofilament Ca2+ 
sensitivity). Current information regarding these issues is provided in 
this review. The relative usefulness of the mechanical parameters used 
to evaluate the lusitropic state of the %%7oheart7o%yo in experimental 
models applied in pharmacology will also be discussed. 
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The advent of mouse genetic manipulation couple^i with the development of 
miniaturized tec In rib logy to characterize the obtained p he no types have 
provided significant insights into the genetic mechanisms underlying 
cardiovascular fjj net ion in health and disease. It is now obvious that 
alterations of the expression (decreased or increased) levels or function 
of a single gene, as outlined in this review, may result in %%%cardiac%%% 
hypertrophy and/or failure. Thus, a number of '7o7o%heart%7o7o foilurc 
candidate genes' have been identified. However, characterization of their 
corresponding mouse phenotypes has indicated that there is a compensatory 
'cross-talk' between a specific 'candidate gene' and various other genes, 
resulting in altered expression of multiple gene products, which may mask 
or contribute to the observed 7o7o7oheart7o7o7o failure phenotypc. Further 
studies using new advances in transgenic mouse technology, which allow for 
tissue-specific ablation or tissue-specific inducible expression of 
targeted gene products along with introduction of specific mutations in the 
gene of interest, hold promise for identifying a single or a cluster of 
'candidate genes' for 7o7o7oheart7o7o7o failure. Nevertheless, the rapid 
development and characterization of the various mouse models described in 
this article have provided meaningful new information on the molecular 
mechanisms underlying 7*7o7ecardiac7o7o7o function and dysfunction. 
Furthermore, 

these models hove tent valuable insights into genetic targets for 
7o7o7etreatment7o7o7o of 7o7<,7oheart7o7o7o disease. As noted earlier, 
overexpression of 

the beta2 -adrenergic receptor or its kinase inhibitor, overexpression of SR 
Casup 2 sup +-ATPase, or downregulation of 7o7o7<,phospholamban7oyo7o 
expression 

may each result in improved controctility and this may be beneficial for 
the 7c,7o7otreatment7e7o7o of the failing 7o7o7o heart 7o 7c, 7o. In addition, the 
involvement of the colcineurin pathway in the cause/progression of 
7o%7oheart7o7o% disease will undoubtedly open new and unique avenues in the 
7o7o7otreatment7o7o7o of 7o7o7e heart 7o7o7o failure. Thus, it is expected that 
further 

studies using genetically engineered mouse models will not only continue to 
advance our understanding of the genetic regulation of 7o%%cardiac7»7o7(. 
function and dysfunction, but will also provide valuable insights into the 
development of therapeutic approaches to 7o7o7otreat7o7o7o 7o7o7o heart 7o7o7<. 
failure. 
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failure 
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Abnormal beta-adrenergic signal transduction and intracellular Cosup 2sup 
+ handling appear to be a major cause of systolic and diastolic dysfunction 
in humans with 7o 7o7o heart %% 7c. failure. The precise mechanisms which cause 
an 

alteration in Cosup 2sup + handling have been a subject of investigation in 
recent years. Several lines of evidence suggest that activation of 
ncurohormonal systems ploys a central role. Altered Casup 2sup +-handling 
(increased diastolic concentrations, reduced systolic Casup 2sup + release) 
hove a strong impact on diastolic and systolic performance of failing 
hearts. Sarcoplasmic reticulum Casup 2sup + ATPasc is reduced in activity 
and in steady-state mRNA concentration. The Nasup +sup -Casup 2sup + 
exchanger is upreguloted at the mRNA and protein levels. 
7o%7oPhospholamban7o7o7o depends strongly on cAMP-dependent 
phosphorylation. A 

strong sympathetic activation has been shown to desensitize the cAMP 
system. At the receptor level, there is downregulation of betainf 
1 -adrenergic receptors. An uncoupling of betainf 2 -adrenoceptors has been 
attributed to an increased activity and gene expression of beta-adrenergic 
receptor kinase in failing myocardium, leading to phosphorylotion and 
uncoupling of receptors. Finally, recent evidence suggests that 
cAMP-dependent transcription mechanisms may play a role during 
beta-adrenergic stimulation and cardiomyopathy with 7o7o7oheart7o7c7c 
failure - 

by means of altered actions of cAMP response element binding protein, the 
cAMP response element modulator, or the activating transcription factor 1. 
The exact characterization of signal transduction defects could offer novel 
approaches to the pharmacological 7o7o7otreatment7c.7c.7c. of 7<.7c7oheart7o7o7o 
failure. 
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Pharmacology of loprinonc (£-1020), a new pyridinone inodilator, as a 
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Intracellular signal transduction processes of the regulation of 
myocardial contractility mediated by cyclic AMP has been established fairly 
well. It became evident that the cAMP-mediated regulations of functional 
proteins such as L-type calcium channels, SR protein 
7o7o 7ophos p ho lam ba n 7o 7o 7o , 

and troponin I arc different quantitatively and qualitatively depending on 
the agents that affect the process of cAMP metabolism. Selective PDE III 
inhibitors and betainf 1 -adrenoceptor partial agonists increase myocardial 
contractility with accumulation of c A MP less than that produced by 
nonselective PDE inhibitors and beta-receptor full agonists. These new 
cardiotonic agents may hove definite advantages in respect to the incidence 
of adverse effects such as arrhythmias and myocardial cell death elicited 
by excessive accumulation of cAMP. These agents produce vasodilation also 
through accumulation of cAMP in vascular smooth muscle, and are, 
therefore, 

called inodilators. A new cardiotonic, loprinone, belongs to such a class 
of new agents. It has been shown that loprinone is effective in improving 
hemodynamic state in patients with acute %%7eheart7o%% failure. 
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Several Important questions remain to be answered by future research. 
First, it is unclear whether any abnormal index of diastolic function can 
be used to estimate disease severity, or to prognostically identify 
patients who will subsequently develop systolic abnormalities or frank left 
ventricular dysfunction. A temporal relationship between the appearance of 
diastolic dysfunction and ultimate left ventricular decompensation may, 
theoretically, exist, but such a relationship has yet to be cstoblishcd, 
Second, a growing body of evidence indicates that pharmacologic therapy 
with Casup 2sup + channel antagonists, beta-adrenergic agonists or 
antagonists, phosphodiesterase inhibitors, or angiotensin converting enzyme 
inhibitors may acutely or chronically benefit certain patients with 
diastolic dysfunction. Whether the impact of early recognition and 
therapeutic intervention in patients with diastolic dysfunction can be 
translated into an improvement of quality of life or enhanced survival 
remains unknown. Third, recent evidence indicates that fundamental changes 
in the biochemistry of the %%7<,cardiac%7o% myocyte may represent a final 
common pathway for the development of congestive 7o7o7o heart %7e.7e failure 
resulting from intrinsic 7o7a7ocardiac7o7o% disease. Altered expression of 
genes 

coding for the ATP-dependent Casup 2sup * pumps in the sarcolemma and 
the 

sarcoplasmic reticulum, regulatory proteins such as 
7o 7o7o p hos p ho lam ban 7o% 7o , 

and the proteins composing the contractile apparatus have been identified 
that play critical roles in the pathophysiology of myocardial failure, and 
have important implications for potential pharmacologic therapy. Future 
research will more clearly elucidate these cellular and biochemical 
mechanisms of left ventricular failure. Lastly, although intravenous and 
inhalationat anesthetics produce derangements in normal diastolic function 
to varying degrees, whether the effects of these agents on diastolic 
performance are exacerbated in disease processes manifested by abnormal 
diastolic mechanics requires further evaluation. 
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It is generally agreed that intracellular Ca2+ stores, the 
sarco(endo)plasmic-reticuIum (SER), affect Ca2+ homeostasis and thus 
contl^qctility of vascular smooth muscle. There is, however, no general 
conserfius as to the magnitude of the SER contribution to Ca2+ handling, the 
basis foi^;^oforms of the SER Ca{2+)-ATPases (SERCAs) or the role of an 
SER -associated regulatory protein, 7o7o7ophosphotamban7o7o7o (PLB). 
Although the 



biochemical end cell biological roles of the SER have been intensely 
studied in vitro, the development of gene-targeted and transgenic mouse 
models enables one to extend our information to the in vivo levels. A brief 
review of the role of PLB and SERCA function in vascular and endothelial 
cell function is presented. Studies on the PLB gene-ablated mouse indicate 
that vascular contractility is considerably altered. This is mirrored by 
changes in intracellular Ca2+. Moreover, differences in contractility of 
the gene-ablated tissues are eliminated by 7o7o7otreatment7o7<,7o with 
cyclopiazonic acid, which pharmacologically abolishes SER function by 
inhibiting the Ca(2+)-ATPase. Thus PLB modulation of sarcoplasmic reticulum 
(SR) Ca2+ uptake plays a major role in modulating vascular contractility. 
It is interesting that endothelium-dependent relaxation was decreased in 
the PLB-deficient aorta. This is surprising in light of the PLB 
distribution, thought to be limited to %7o7ocardiac7o7o%, slow skeletal and 
smooth muscle. Our data indicate the presence of PLB in endothelial cells 
and point to an unrecognized pathway for modulation of endothelial cell 
[Ca2+]i and vascular contractility. Data from smooth muscle tissues of the 
SERCA3 gene-ablated mouse demonstrate that this isoform affects 
endothelium-dependent function, but not that of smooth muscle, consistent 
with its known distribution. This isoform appears to perform a modulatory 
function, rother than the more essential role of SERCA2. Gene-targeted 
and 

transgenic models provide an important avenue for understanding the role of 
SER in vascular signalling, (54 Refs.) 
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Abnormal beta-adrenergic signal transduction and intracellular Ca2+ 
handling appear to be a major cause of systolic and diastolic dysfunction 
in humans with 7o7o7<, heart 7o7o7o failure. The precise mechanisms which 
cause an 

alteration in Ca2+ handling have been a subject of investigation in recent 
years. Several lines of evidence suggest that activation of neurohormonal 
systems plays a central role. Altered Ca2*-handling (increased diastolic 
concentrations, reduced systolic Ca2+ release) have a strong impact on 
diastolic and systolic performance of failing hearts. Sarcoplasmic 
reticulum Ca2+ ATPase is reduced in activity and in steady- state mRN A 
concentration. The Na+-Ca2+ exchanger is upregulated at the mRNA 
and 

protein levels. 7o7«7oPhosphotamban7o7e7o depends strongly on 
cAMP-dependent 

phosphorylation. A strong sympathetic activation has been shown to 
desensitize the cAMP system. At the receptor level, there is downregulation 
of betal-adrenergic receptors. An uncoupling of beta2 -adrenoceptors has 
been attributed to an increased activity and gene expression of 
beta-adrenergic receptor kinase in failing myocardium, leading to 
phosphorylation and uncoupling of receptors. Finally, recent evidence 
suggests that cAMP-dependent transcription mechanisms may play a role 
during beta-adrenergic stimulation and cardiomyopathy with 
7o%%heart7o7o7o 

failure - by means of altered actions of cAMP response element binding 
protein, the cAMP response element modulator, or the activating 
transcription factor 1. The exact characterization of signal transduction 
defects could offer novel approaches to the pharmacological 
7o7o7otreatment 7o7o7o 

of 7o7c7oheart%7<,% failure. (65 Refs.) 

Record Date Created: 19990125 

Record Date Completed: 19990125 



13/7/9 (Item 3 from file: 155) 
DIALO&(R)Filc 155-.MEDLINE(R) 
(c) format only 2003 The Dialog Corp. AW rts. rcserv. 

10513262 96323886 PMID: 8739255 

Adrenergic and muscarinic receptor regulation and therapeutic 
implications in 7o%%heart7o7o% failure. 

Schmitz W; Boknik P; Li nek B; AAulter F U 

Institut fur Pharmakologic und Toxikologic, Wcstfalische 
Wilhelms-Universitat, Munstcr, Germany. 

Molecular and cellular biochemistry (NETHERLANDS) Apr 12-26 
%%%1996%%%, 

157 (1-2) p251-8, ISSN 0300-8177 Journal Code: 0364456 

Document type: Journal Article; %7o '/©Review 7o%7o; Review, Tutorial 

Languages; ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

In end-stage %%7oheart7c.%7o failure the expression of different 
myocardial 

regulatory proteins involved in the beta-adrenergic c AMP signalling pathway 
is altered. The downrcgulatton of beta 1 -adrenoceptors and their uncoupling 
from the effector as well as an increased expression of the inhibitory 
GTP-binding protein seem to be the most important alterations. Since 
catecholamine levels are elevated in these patients and since some 
olterations can be 'restored' after 7o7o7<,treatment7o7o7o with 
beta-adrenoccptor 

antagonists it was hypothesized that excessive beta-adrenergic stimulation 
could be involved in these olterations. In this article the changes of 
beta-adrenergic receptors, GTP- binding proteins, sarcoplasmic reticulum 
Ca(2+)-ATPase and of %7o7ophospholamban7o%% found in 7o7o7oheart7„7o7e 
failure are 

addressed with its possible therapeutic implications. (91 Refs.) 
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intact rat cardiomyocytes by adrenergic and cholinergic stimuli: roles of 
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Protein phosphorylation was investigated in E32P]-labeled cardiomyocytes 
isolated from adult rat 7<,7o7oheart7o7o7o ventricles. The 
beta-adrenergic 

stimulation (by isoproterenol, ISO) increased the phosphorylation of 
inhibitory subunit of troponin (TN-I), C-protein and 
7o7o7ophospholamban7o7o7o 

(PLN). Such stimulation was largely mediated by increased odcnylyl cyclase 
(AC) activity, increased myoplasmic cyclic AMP and increased cyclic AMP 
dependent protein kinase (A-kinase)-catalyzed phosphorylation of these 
proteins in view of the following observations; (a) dibutyryl-and 
bromo-derivatives of cyclic AMP mimicked the stimulatory effect of ISO 
on 

protein phosphorylation while (b) Rp-cyclic AMP was found to attenuate 

150- dependent stimulation. Unexpectedly, 8-bromo cyclic GMP was found 
to 

markedly increase TN-I end PLN phosphorylation. Both beta 1- and beta 
2 -adrenoceptors were present and ISO binding to either receptor was 
found 

to stimulate myocyte AC. However, the stimulation of the beta 2-AR only 



marginally increased while the stimulation of beta 1-AR markedly increased 
PLN phosphorylation. Other stimuli that increase tissue cyclic AMP levels 
also increased PLN and TN-I phosphorylation and these included 
isobutylmethylxonthine (non-specific phosphodiesterase inhibitor), 
milrinone (inhibits cardiotonic inhibitoble phosphodiesterase, sometimes 
called type III or IV) and forskolin (which directly stimulates adenylyl 
cyclase). Cholinergic agonists acting on cardiomyocyte M2-muscarinic 
receptors that are coupled to AC via pertussis toxin(PT)-sensitive 6 
proteins inhibited AC and attenuated ISO-dependent increases in PLN and 
TN-I phosphorylation. The in vivo PT %7o7etreatment%7o%, which 
ADP-ribosylated 

Gi-like protcin(s) in the myocytes, markedly attenuated muscarinic 
inhibitory effect on PLN and TN-I phosphorylation on one hand and, 
increased the beta-adrenergic stimulation, on the other. Controlled 
exposure of isolated myocytes to N-ethyl maleimide, also led to the 
findings similar to those seen following the PT 7o7o7otreatment7o%%. 
Exposure 

of myocytes to phorbol, 12-myristate, 13-acetote (PMA) increased the 
protein phosphorylation, augmenting the stimulation by ISO, and such 
augmentotion was antagonized by propranolol suggesting modulation of the 
beta -adrenoceptor coupled AC pathway by PMA. Okadaic acid (OA) 
exposure of 

myocytes also increased protein phosphorylation with the results supporting 
the roles for type 1 and 2 A protein phosphatases in the dephosphorylation 
of PLN and TN-I. Interestingly OA 7o7o7otreatment7o7o7o attenuated the 
muscarinic 

inhibitory effect which was restored by subsequent brief exposure of 
myocytes to PMA. While the stimulation of alpha adrenoceptors exerted 
tittle effect on the phosphorylation of PLN and TN-I, inactivation of alpha 
adrenoceptors by chloroethylclonidinc (CEC), augmented beta -adrcnergi colly 
stimulated phosphorylation. KCl-dependent depolarization of myocytes was 
observed to potentiate ISO-dependent increase in phosphorylation 
(incubation period 15 sec to 1 min) as well as to accelerate the 
time-dependent decline in this phosphorylation seen upon longer incubation. 
Verapamil decreased ISO-stimulated protein phosphorylation in the 
depolarized myocytes. Depolarization was found to have tittle effect on the 
muscarinic inhibitory action on phosphorylation. Prior 7o7o 7otreatment7o7o7o 
of 

myocytes with PMA, was found to augment ISO-stimulated protein 
phosphorylation in the depolarized myocytes. Such augmented increases 
were , 

completely blocked by propranolol. Forskolin also stimulated PLN and TN-I 
phosphorylation. Prior exposure of myocytes to forskolin followed by 
incubation in the depolarized and polarized media showed that PLN was 
dephosphorylated more rapidly in the depolarized myocytes. The results 
support the view that both cyclic AMP and calcium signals cooperatively 
increase the rates of phosphorylation of TN-I and PLN in the depolarized 
cardiomyocytes during beta-adrenergic stimulation. (ABSTRACT 
TRUNCATED) ( 
96 Refs.) 
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Abnormalities in calcium flux have been linked to abnormal contractile 
behavior of the 7o7o%heart7o7o7£> in potients with congestive %7s%heart7o7o7o 
failure 

as well as in animal models. Decreased activity or levels of the calcium 
adenosine triphosphatase of the sarco(endo)plasmic reticulum (SERCA2) 
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A manyfold increase in phosphorylation of %%7ocardiac7o%% 
sarcoplasmic 

reticulum (SR) was seen when SR was incubated in the presence of a bovine 
%7o%cardiac%%% cyclic AMP-dependcnt protein kinase and cyclic AMP. 
This 

phosphoprotein had stability characteristics of a phosphocstcr in which the 
phosphate is incorporated largely into serine, and its formation did not 
required calcium ions, unlike the formation of acyl phosphoprotein 
intermediate of calcium- transport ATPase which is present within the same 
membrane. When examined by sodium dodecyl sulfate-polyocrylamide 
gcl 

electrophoresis, the protein kinase-catalyzed phosphorylation occurred at a 
22,000-dalton component of the 7o7o7ocardiac7o7o7o sarcoplasmic reticulum. 
This 

22,000-dalton protein has been named "7o7o7ophospholamban7o7o7o" (lambda 
alpha mu 

beta alpha nu cpsilon iota nu = to receive), based on its ability to 
receive phosphate from ATP. Phosphorylation of 
7o7o7ophospholamban7o7o7o by 

cyclic AMP-dependent protein kinase was associated with the stimulation of 
calcium transport by the 7o7o7ocardiac7o7o7o sarcoplasmic reticulum. 
This 

stimulation was accompanied by an increase in the calcium-activated ATPase 
activity, indicating that the overall rate of calcium transport rather than 
its efficiency is enhanced by protein kinase. The 22,000-dalton 
phopholamban was susceptible to trypsin. Brief digestion with trypsin in 
the presence of 1 M sucrose prevented subsequent phosphorylation of 
7o7o7ophospholamban7o7o7o , while leaving the calcium pump apparently 
intact. 

Incubation of trypsin-7o7o7otreated7o7o7o sarcoplasmic reticulum with 
cyclic 

AMP-dcpcntent protein kinase did not result in the stimulation of calcium 
transport. These results may suggest that 7o7o7<.phospholamban7o7o7o is 
a 

modulator of the calcium pump of the 7o7o7ocordiac7o7o7o sarcoplasmic 

reticulum. 
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Protein phosphorylation was investigated in [32P]-!abeled cardiomyocytes 
isolated from adult rot 7o7o7cihcart7o7o7o ventricles. The 
beta-adrenergic 

stimulation (by isoproterenol, ISO) increased the phosphorylation of 
inhibitory subunit of troponin (TN-I), C-protein and 
7o 7<,7op ho sp holam bo n 7o 7o % 

(PLN). Such stimulation was largely mediated by increased adenylyl cyclase 
(AC) activity, increased myoplosmic cyclic AMP and increased cyclic AMP 
dependent protein kinase (A-kinase)-catalyzed phosphorylation of these 
proteins in view of the following observations; (a) dibutyryl-and 
bromo-dcrivotivcs of cyclic AMP mimicked the stimulatory effect of ISO 
on 

protein phosphorylation while (b) Rp-cyc!ic AMP was found to attenuate 
ISO-dependent stimulation. Unexpectedly, 8-bromo cyclic GMP was found 
to 

markedly increase TN-I and PLN phosphorylation. Both beta 1- and beta 
2-adrenoceptors were present and ISO binding to either receptor was 
found 

to stimulate myocyte AC. However, the stimulation of the beta 2-AR only 
marginally increased while the stimulation of beta 1-AR markedly increased 
PLN phosphorylation. Other stimuli that increase tissue cyclic AMP levels 
also increased PLN and TN-I phosphorylation and these included 
isobutylmethylxanthine (non-specific phosphodiesterase inhibitor), 
milrinone (inhibits cardiotonic inhibitable phosphodiesterase, sometimes 
called type III or IV) and forskolin (which directly stimulates adenylyl 
cyclase). Cholinergic agonists acting on cardiomyocyte M2-muscarinic 
receptors that are coupled to AC vio pertussis toxin(PT)-sensitive & 
proteins inhibited AC and attenuated ISO-dependent increases in PLN and 
TN-I phosphorylation. The in vivo PT %7t.7c.treatment7(.7o7o, which 
ADP-ribosylated 

Gi-like protein{s) in the myocytes, markedly attenuated muscarinic 
inhibitory effect on PLN and TN-I phosphorylation on one hand and, 
increased the beta-adrenergic stimulation, on the other. Controlled 
exposure of isolated myocytes to N-ethyl maleimide, also led to the 
findings similar to those seen following the PT 7o7o7otreatment7o7o7c>. 
Exposure 

of myocytes to phorbol, 12-myristatc, 13-ocetatc (PMA) increased the 
protein phosphorylation, augmenting the stimulation by ISO, and such 
augmentation was antagonized by propranolol suggesting modulation of the 
beta-adrenoceptor coupled AC pathway by PMA. Okadaic acid (OA) 
exposure of 

myocytes also increased protein phosphorylation with the results supporting 
the roles for type 1 and 2 A protein phosphatases in the dephosphorylation 
of PLN and TN-I. Interestingly OA 7o7o7otreatment7o7o7o attenuated the 
muscarinic 

inhibitory effect which was restored by subsequent brief exposure of 
myocytes to PMA. While the stimulation of alpha adrenoceptors exerted 
little effect on the phosphorylation of PLN and TN-I, inactivation of alpha 
adrenoceptors by chloroethylclonidine (CEC), augmented beto-adrenergically 
stimulated phosphorylation. KCl-dependent depolarization of myocytes was 
observed to potentiate ISO-dependent increase in phosphorylation 
(incubation period 15 sec to 1 min) as well as to accelerate the 
time-dependent decline in this phosphorylation seen upon longer incubation. 
Verapamil decreased ISO-stimulated protein phosphorylation in the 
depolarized myocytes. Depolarization was found to have little effect on the 
muscarinic inhibitory action on phosphorylation. Prior 7o7<>7otreatment7o7o7o 
of 

myocytes with PMA, was found to augment ISO-stimulated protein 
phosphorylation in the depolarized myocytes. Such augmented increases 
were 

completely blocked by propranolol. Forskolin also stimulated PLN and TN-I 
phosphorylation. Prior exposure of myocytes to forskolin followed by 
incubation in the depolarized and polarized media showed that PLN was 
dephosphorylated more rapidly in the depolarized myocytes. The results 
support the view that both cyclic AMP and calcium signals cooperatively 
increase the rates of phosphorylation of TN-I and PLN in the depolarized 
cardiomyocytes during beta-adrenergic stimulotion. (ABSTRACT 
TRUNCATED) ( 
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Sequestration of calcium into an intracellular storage site is an 
important mechanism in helping to maintain a low cytoplasmic Ca2+ level in 
many cells. In platelets, increasing cytoplasmic cAMP lowers the free 
calcium level in correlation with the phosphorylation of a 22 kD protein. 
This protein has been thought to enhance uptake of calcium into a platelet 
membrane bound storage site by activating a calcium-ATPosc activity by 
analogy with 7o7o7ophospholamban7o%7o in 7o7c7ocardiac7o7(.7o muscle. The 
evidence for 

an analogue of 7o7»7ophospholamban7o7o7o in platelets is unclear. A 
pathway 

involving cAMP dependent kinase also seems unlikely to account for the 
transience of the calcium signal following agonists in platelets, some of 
which inhibit the cAMP dependent kinase. Here we discuss the issue of 
whether activation of protein kinase C, which follows agonist action, leads 
to enhanced calcium sequestration in platelets and if so, what indications 
there are for a mechanism. The evidence from our experiments with 
phorbol 

myri state acetate '/o7c.7otreoted7o7o7<, platelets shows that such an 
enhancement 

can be produced by activating protein kinase C. Phosphorylation studies 
suggest the involvement of a polypeptide or polypeptides distinct from the 
22 kD polypeptide. Further work to test this idea is necessary. A brief 
overview of research on the role of phosphoprotcins in calcium regulation 
in platelets and comparison with their rote in 7o7»7<,cardiac7o7o7o muscle is 
also 

presented. (51 Refs.) 
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